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INTRODUCTION TO THE ORIGINAL 
EDITION 


[The nnmhers ol thr figiiies and thaptci*? icfciiccl to rn this Intioductioii 
are thoee of the edition of 1911 and ha\c been chaiuu'd in the lc\t of the 
present edition J 

In this volume I have brought to account the experience of 
the eleven yearis, during which I have been responsible for the 
work of forecasting at the Sfeteorological Office. The forecast 
division is one of five sections of meteorological work which 
is carried on by the Office, lly part of the duty has been 
chiefly to look on while the work was done by Mr. F. Gaster, 
Mr. F. J. Brodie, Mr. H. Harries and Mr. E. Sargeant, the senior 
members of that division of the staff. Mr. E. G. K. Lempiert, 
who joined the Office in 1902 as my personal assistant, took 
his turn in the daily duty of forecasting for a year or more 
before he was appointed Superintendent of Statistics. He 
has now taken over the superintendence of the forecast 
division. 

In 1900 I carried to the Meteorological Office an experience 
of twenty years^ work at the Cavendish Labo]*atory at Cam- 
bridge. It was natural that I should watch the routine ot 
forecasting from the point ot view of experimental physics. 

The progress of physical science is largely dependent upon 
the apparatus that is available and upon the tools which can 
be used. The invention of a new tool means new apparatus, 
and new apparatus means further progress. I have heard it 
said that the great progress of physical science in the 19th 
century was really due to the invention of the sewing machine 
which called into existence a number of tools designed for 
small but accurate work with metals. In the same way the 
contribution which any person can make to the progress of 
science depends upon the intellectual tools that he has avail- 
able. My own equipment was drawn from experimental 
physics, and I naturally endeavoured to bring the facts of the 
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daily wpather into relation with the jDhyeical processes which 
had formed the customary basis of a long experience of 
teaching. Such conclusions as I have been able to reach 
I have set down with illustrations drawn from the daily work 
of the Oltice. 

It has given me the greater pleasure to try to bring the 
physical laboratory and the daily weather into harmony 
because I have found that many accomiDlished meteorologists 
live really apart from the fundamental dynamical and 
thermal principles which are the stock-in-trade of a teacher of 
physics, and, on the other hand, many accomplished students 
of physics are, through want of knowdedge, passing by with- 
out noiico the many interesting problems in dynamics and 
[)hysics which the idienomena of daily weather present. 

At the outset of tliis endeavour there is an obstacle of the 
most perplexing character. Some fifty years ago when Sir 
Henry Roscoe wrote an introductory text-book of chemistry, 
w^hich gradually led to the development of chemistry as a 
school subject in this country, he began with a chapter on the 
metric system, and in my young days the metric system was 
in fact an essential chapter of chemistry. To the school- 
teaching of chemistry has been added the school-teaching of 
physics and the metric system remains the first chapter of 
physical science in every school in the country. So far as 
science is concerned the schools know of no masses but 
grammes, no lengths but centimetres, no pressures but milli- 
metres, and no temperatures but centigrade — the metric 
system is part of their life. On the other hand meteorology 
in this country, which has never enjoyed the advantages of an 
elementary text-book by Sir Henry Roscoe with an intro- 
ductory chapter on the metric system, still uses the inch, the 
grain, and the Tahrenheit degree. My illustrations are 
necessarily drawn chiefly from weather charts which use these 
units exclusively. To understand a weather chart, some 
instruction is required for which we might reasonably appeal 
to the science masters in the schools. But, if we do, they will 
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expound in the metric system the principles for ^^hich 
illustrations will be given in British units on the map. 

Like every other writer on meteorology in this country, £am 
upon the horns of a dilemma. If I tallc about my maps in the 
language of the schools, the figures will nut tally and the 
meteorologists will protest. If I talk about them in the 
language of the maps, the schools whose interest I should like 
to enlist will be scandalised in the scriptural souse. 

In dealing with the physical explanations the dilemma is a 
very serious one. I know of no one who is operatively con- 
versant with the thermodynamics of moist air as found in the 
atmosphere in terms of grains, inches, and Fahrenheit degrees. 
If any one wishes to find the latest information in the way of 
tables, fonnulee or calculations he must he familiar with metric 
units. It is obvious that for either class of readers a 
preliminary chapter on units is inevitable. 

I have had great difficulty in deciding how to meet this 
dilemma in dealing with the physical considerations. So far 
as pressure is concerned I have endeavoured to use the “ atmo- 
sphere,’’ which is common ground, but I have used the centi- 
metre-gramme-second atmosphere (75 cm., or about 29*5 
inches of mercury) for reasons which are set out in various 
publications. 

For temperature, in dealing wnlh humidity, I have used the 
Kelvin or absolute scale, i.e. the scale of centigrade degrees 
measured from 273^ below the freezing point of watcr.^ The 
standard boiling-point of water on this scale is 373'^A. The 
use of the C. G. S. atmosphere of 1,000,000 dynes per square 
centimetre and the expression of temperature in Centigrade 
degrees from absolute zero was introduced into the WeeKly 
Weather Report for 1909 and has the approval of the Gassiot 
Committee of the Royal Society. 

I add a word al) 0 ut this scale of temperature. Its primary 
advantage is that it gets rid of all negative values from atmo- 
spheric temperatures, and simplifies the expression of the laws 
of gases, of radiation, and of thermodynamics. It has l)eeii 

^ Sec lutruductioii to Secouil Edition, p. xxi. 
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objected that 0^^ C., the freezing-point of water, is such a 
cardinal point in practice, since it corresponds \sith the trans- 
formation of water into ice, or ice into water, that it ought 
to be retained at all costs as the zero of the temperature 
scale. [ should like to urge that the facts in connection with 
freezing furnish the strongest argument for an alteration of 
the practice. The use of zero for the freezing-point misleads 
people into thinking that it is a critical temperature in practice, 
that anything made of water is fluid above 0° and solid below 
that teinperaturo. It is not really so. The centigrade zero is 
the freezing-point of water in the laboratory under carefully 
organised conditions ; it is not the freezing-point of the water 
that covers four-fifths of the globe, or of that in the harbours 
that are periodically blocked with ice. It is not the freezing- 
point of the water contained in the cells of plants ; that 
is probably different in different plants; in “ tradescaiitia ” 
stamens it is — 6*5° C. 

It is not the freezing-point of the water carried as droplets 
in the atmosphere— that is probably different according to the 
size of the drops. That clouds are not always ice below 
0® C. is evident enough on any day when it “ freezes in 
this country. There is a physical distinction between water- 
drop clouds and ice-particle clouds which is shown by the 
formation of lialos. And clouds which, so far as can be 
judged from their optical properties, are water-clouds, can be 
observed in conditions when the temperature of the atmo- 
sphere is below 0° 0. The implied suggestion that 0'^ C. is 
a critical temperature which divides water from ice has the 
effect of screening off the subject from the investigation which 
is necessary for ascertaining the real facts. It is therefore a 
hindrance and not a help to progress, and the assignment of a 
figure for the freezing-point which has not the air of finality 
about it presented by the rounded zero is in itself no small 
advantage. Any ajDplication to the atmosphere of thermo- 
dynamics which assumes that waterstuff below 0° C. is ice 
must necessarily lead the investigator into error. 



INTRODUCTION 


IX 


It is truly the temperature at which snow and ice thaw nn 
the ground and it is therefore a critical temperature with 
reference to the debacle of rivers, but it is not necessary to fill 
our tables with positive and negative signs lest we should forget 
that the ice will begin to melt above 273° A. 

This, however, is not the chapter on units which I have said 
is inevitable, it only shows some of the reasons why such a 
chapter is wanted. I have postponed the matter too long now 
to make a chapter generally applicable in this work but I give 
here a skeleton which I hope may sometime form the basis of 
an effective chapter on units. It must start from a point 
beyond that from which Sir Henry Eoscoe started, because the 
expression of ideas connected with force, gravity and thermo- 
dynamics brings us into the region of absolute units, and for 
absolute units the C. G. S. sj’stem is now used universally 
both for electrical and also for magnetic measurements, and 
has therefore found a home in close association with the 
meteorological observatory. My skeleton chapter will therefore 
carry the C. G. S. system in its heading. 


THE C. O. S. SYSTEM OF METEOROLOGICAL UNITS 

The C. G. S. system of units now used universally for 
electrical and magnetic measurements is based upon the metric 
system. The initials stand for centimetre, gramme and 
second. 

In the metric system the multiplication of the unit by 
10, 100, 1,000 1,000,000 is indicated by the prefixes deka, 
hecto, kilo, mega, and the 10th, lOOfch, 1,000th, 1,000,000th 
part is indicated by the prefixes deci, centi, milli and micro. 

The centimetre is one-hundredth of a metre, the unit of 
length from which the name of the metric system is 
derived. 

The gramme is the metric unit of mass, and was originally 
intended to be the mass of a cubic centimetre of water at the 
freezing point. It approximates to the-t specification very 
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closely. Ib is bhe thouaancUh part of the standard “liilo- 
gramme” of the International Bureau of Weights and 
Measures. 

The second is a universal unit of time. There are 86,400 
t-econds (60 x 60 x 24) in the mean solar day by which all 
‘‘ mean time’’ clocks are set and rated. 

The unit of area in the C. G. S. system is the square 
centimetre, the unit of volume is the cubic centimetre. 

The density of a substauce in the C. G. S. system is the 
mass in grammes of a cubic centimetre of the substance. In 
the C. G. S. system the density of a substance is numerically 
the same as the specific gravity of the substance. 

The unit of velocity in the C. G. S. system is the velocity 
of a centimetre per second. 

The unit of acceleration in the C. G. S. system is the 
acceleration of 1 unit of velocity per second, or 1 centimetre 
per second per second. 

The unit of force in the C. G. S. system is the force which 
produces an acceleration of 1 centimetre per second per second 
in a mass of 1 gramme. It is called a dyne. 

The numerical expression of the force acting upon any mass 
in the C. G. S. system is the product of the number of grammes 
which it “ ^Yeighs ” and the number expressing the acceleration 
which the force produces if allowed to act undisturbed by other 
forces. 

At sea level in latitude 49 the acceleration of gravity upon 
any falling body is 981 centimetres per second per second, 
hence the force of gravity upon the mass of a gramme is 
981 dynes. This is bhe weight of a gramme. The reader 
will notice a curious confusion here; one uses a balance to 
“ weigh” a body, in reality to find its mass. The operation 
is only a part of the finding of its weight. 

The unit of pressure in the C. G. S. system is a uyne per 
square centimetre. 

For practical electrical and magnetic measurements certain 
mulLiples or sub-multiples of the fundamental C. G. S. units 
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are adopted, and, following the same lines with a view to 
practical meteorological measurements, we arrive at the 
following : 

The accepted normal pressure of the atmosphere, or 
“standard atmosphere,’' is that of a column of mercury 
76 centimetres high at the freezing-point of water under 
the conditions as to gravitation which are to be found in 
latitude 45° N, or S. ; for other latitudes a small correction is 
necessary to allow for the difference of gravity. This pressure 
of a standard atmosphere is 1,013,193 dynes per square centi- 
metre, or approximately l*013megadynes per square centimetre. 

The practical unit of atmospheric pressure in the C. G. S. 
system is the megadyne per square centimetre, which may be 
called the “ C. G. 8. atmosphere.” It is referred to in this 
book as an “atmosphere.” It is equivalent lo a pressure of 
760*1 millimetres of mercury at the freezing-i^oint of water 
in latitude 45° and is the normal air pressure at 106 metres 
above sea level. The name of “bar” or “barye” was 
agreed upon for this unit at the Conference of Physicists 
in Paris in 1900. 

The practical unit of wind velocity is the metre per second, 
100 times the C. G. S. unit of velocity. 

The practical unit of rainfall measurement is the millimetre 
of rain, one-tenth of the C. G. S. unit. 

There is no practical unit in the C. G. S. sj’stem in use for 
wind force on an exposed surface, a great variety of units are 
used in practice. The thousandth part of an atmosphere, 
the millibar, i.e,, 1,000 dynes per square centimetre, would be 
a suitable unit, but no special name has yet been assigned 
to it. The absolute unit of pressure, the dyne per square 
centimetre, is used here. 

The practical measure of temperature is bo chosen that the 
volume of a mass of gas at constant pressure, or the pressure 
of a mass of gas at constant volume, is proportional to the 
temperature. It is the temperature on the centigrade scale 
increased by 273, 



INTBODUCTION 


XLL 

The Rn'Hsn e^iaivalents of these units are as follows : — 


length 

1 centimetre 

- 0328 ft. = -394 in. 

mass 

1 gramme 

-= *00220 lb. = lo‘4 grs. 

time 

1 second 

= 1 second. 

area 

1 square centimetre 

= ‘OOlOSMi.ft. = •155''q in. 

volume 

1 cubic centimetre 

= 0000350 ft. = -061 r m. 

velocity 

1 centimetre per second 

— -0329 ft. per «ec. 

= *0224 miles per hour. 

Acceleration 

1 centimetre pei sec per ^ec. 

= *0328 ft. per ^bc. per ^pc. 

force 

1 dyne 

-= ‘0000722 poiindal. 

pre'.suic 

1 barje or megadyne per sq.cm. 

= 67390 poundals per sq tt 

tempeiatuie 

1 decree A. 

-=It° 

o 

Some of 

the more frequently occurring formul® are as 


follows ; — 

1. Density (p), volume (?’), mass (m). 

m = I'p 

Force (/’ ) , mass and acceleration (a). 

f = m X a 

3. Weight (lo). mass and acceleration of gravity (p). 

w = m X 7 

4. Anemometrical formulae : 

Wind force in dynes/sq. cm. (P) and velocity v in 
metres/sec. 

P = 7*2 d 3 nes per &q. cm. 

Wind force indynes/sq. cm. and Beaufort number, (5). 

P = 5 dynes per sq. cm. 

Wind velocity in melres/see. (V) and Beaufort number. 
r= -83 5 ^ 

5. Gaseous laws of relation between pressure (p), temperature 
(0 and volume (v). 

E — tiSo 

t to ‘ 

6. Pressure and temperature under adiabatic conditions 
(dry air). 

(y 1) (log p— log po) = y (log t — log Q. 
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PLAN OF THE BOOK 

The arrangement which has been followed in this work is 
first to explain and illustrate the construction and use of 
B3’noptic charts and the method of forecasting by their means. 
In this section I have quoted the empirical rules which have 
been framed in the light of long experience as set out by the 
late Hon. E. Abercromby. In passing I have dealt with the 
relation of wind velocity to the distribution of pressure, 
a subject which is becoming daily of greater importance 
for us. 

After setting out the position arrived at by empirical 
generalisation I have turned to an examination of the physical 
processes which are involved in the phenomena of weather and 
have given illustrations of the connection between the observed 
phenomena and the processes upon which in some form or 
other they must depend. 

In the subsequent chapters of the book I have dealt 
with special departments of the work of forecasting, such 
as gales and storm- warnings, anticyclonic w^eather, land 
and sea fogs, night frosts, colliery ivarnings, forecasts for 
aeronauts. 

These are followed by a consideration of recent developments 
of the practice of forecasting by the use of weather charts as 
exhibited by the work of Ekholm upon isallobarzc charts and 
that of Guilbert on the approach of depressions and local 
deviations from the “normal” wind. A chapter has been 
devoted to statistical methods for long-period and seasonal 
forecasts. The book concludes with what I hope is an impar- 
tial appreciation of the utility of the system of weather 
forecasts in this country. 

acknowledgments 

For the illustrations 1 have relied mainly upon the maps of 
the Daily Weather Eeport of the Meteorological Office. In 
order, however^ to include information as to temperature as 
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well as pressure upon a single chart the maps have been 
redra^Yn by Miss E. Humphreys, a member of the Office staff, 
who has prepared the original drawings of many other of the 
illustrations. Blocks for Figs. 60 — 70 have been lent by the 
Meteorological Committee. The frontispiece and Figs. 3 — 5, 
42—48, 50, 53, 54, 57, 58, 81, R3— 86, 89—91, 97—104, 
113— lU, 127—129, 135—141, 146—148, 155, 156, are taken 
from the Reports or publications of the Meteorological Office 
and are reproduced by permission of the Controller of H. M. 
Stationery Office. 

Other illustrations are taken, directly or indirectly, from 
the official publications of other countries. I have endeavoured 
to give references to the sources of the illustrations for which 
the Meteorological Office is not ultimately responsible. A 
considerable number of drawings (Figs. 7 — 12, 79, 80, 82, 
121) are reproduced from blocks lent by the Royal Meteoro- 
logical Society, and the paper from the Journal of the Society, 
wffiich is included in Chapter VI., is reprinted with the sanction 
of the Society. 

To many fellow-workers, therefore, in a common task, I 
take this opportunity of expressing my grateful thanks, not 
least to my colleagues on the Meteorological Committee, for 
the encouragement and assistance which they have given me 
in carrying out a work which has no definite place among the 
manifold duties of the direction of the Office. Three other 
cogent rea^^ons account for the appearance of this work at a 
time when changes in the Office have made administration 
unusually onerous. First, the reiterated requests of Messrs. 
Constable & Co. for a restatenieut of the position of the work 
of forecasting weather, taking account of modern develop- 
ments: to them I am greatly indebted for the unfailing 
courtesy with which they have met the many and difficult 
requirements of a procrastinating author ; secondly, the 
necessity for dealing with the subject in its turn as a part of 
meteorology within the scope of the duty of the reader in 
that subject in the University of London ; and thirdly, the 
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demand of my colleagues on the Advisoi' 3 ’ Committee for 
Aeronautics for a report as to the formation of cloud, snow, 
etc., for the use of persons interested in the navigation of the 
air. 

I feel bound to point out that procrastination has dis- 
advantages. The manuscript of this work was completed 
and dated August 11, 1910. It included as Fig. 3 a copy of 
the Daily Weather Report of the Meteorological Office for 
reproduction in reduced facsimile in order to represent the 
latest development of that publication. The facsimile appears 
in the book entirely com me ilfaut : but it no longer represents 
the “Daily Weather Report.*' Somewhat unexpectedly the 
removal of the work of the Office from Victoria Street to 
South Kensington was followed by the installation of a litho- 
graphic press on the premises : therewith a change of printer, 
and, in consequence, new outlines for the charts and other 
changes dating from January 1, 1911, embodying the improve- 
ments which the writing of this book had itself suggested. I 
have hesitated for some time as to whether I should let the 
facsimile stand or ask that it should be replaced by one 
representing, as I think, a much improved daily report. For 
two reasons I have decided to allow it to stand : first, because 
the report which is reproduced is the first containing a 
“further outlook," and marks a departure of greater meteoro- 
logical significance than the changes, chiefly administrative 
or geograpliical, of last New Year's Day; and, secondly, 
because any further changes, even if they are improvements, 
will carry me safely beyond the termination of the administra- 
tive year of the Advisory Commiitee for Ae]*onaiitic8, and with 
a new administrative year a new period of procrastination 
would probably supervene. 

The book is mainly dependent upon its numerous illustra- 
tions, of which many have been reduced from original charts 
of a larger scale. It is to be feared that the details of the 
charts have in some cases suffered in the process, and are 
represented on so small a scale that a magnifying glass is 
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wanted to make them out. There is, however, no alternative 
except reproduction at full size, which ^^ould have made the 
book too cumbersome. 

To the acknowledgments already made I have to add luy 
thanks to Mr. E. Corless, of the Meteorological Of&ce, and 
IMi*. J. S. Dines, Meteorologist for the branch of the Office ai 
Faniborough, for assistance in reading the proofs and verifying 
the numerical assertions and preparing the index ; and also 
to Miss H. M. Shingleton for seeing corrections through the 
press. 

W. N. Shaw. 

Meteorological Office, 

South Kensington, S.W., 

July 17, 1911. 
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EDITION 


In 1911 when the first edition (»i‘ this book was pulilislipd, we 
were feeling our way towards the observational study (jf the upper 
air as an essential step in the cojn])rehension of tlie atinospherio 
processes which are expressed l)y our eat her. As a nntural 
consequence of dealing with, a iimeli wider range ol observation of 
all the meteorological elements than is refpured f(w the weather 
at the surface, we had also begun to feel our way towards the 
universal expression of meteorological iiieasiireinents in units 
belonging to the centimetre-grannno-second svsfcejii which has 
proved so effective in the case of electrical and luagiietic moasurc- 
ments, and was. in fact, em])lovod as a matter of course for 
electrical and magnetic measurements at the ]>rim'i])al observa- 
tories of the JMotoorological Oliice. 

The hap])enings of the past twelve years. \\hi(‘h include the 
unparalleled circaimstances of the Great War from August *1. 1911, 
to November 11. !9|h, have had tlieir influence u])on both of these 
aspects of meteorological work. 

EXTENDED MBTEOROLOCilCAU OBSERVATIONS 
AND REPORTS 

The few aeroplanes and airships whicJi represented the national 
equipment of the Air Services of 1931 became inultii^licd iiiti^ 
thousands of aeroplanes and a complete patrol of the British 
coasts by airships: iimiunerablc kite-balloons with standard 
winches and other gear for manoeuvring them, were at the service 
of those who wished to explore the U})j)er air ; anti-aircraft guns, 
discretion, to produce smoke -i)uffs at any desired height (within 
limits), and reticuled inirror.s on which to trace their tracks and 
P.w. h 
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thence ol»laiJi tli(‘ horizontal and vertical velocity of the currein 
in which tliev diiired, came into regular use. The pioneer 
establish luents ior lueteoroh^gical observation in charge ot 
trained ineteorologLsts at youth Farnborough. Upavon and 
King^iiorth, in coune.vion with the Air Ser\’ices before the war. 
became iedu])licated as fully equipped meteorological stations in 
the homo country and on the various battle fronts with sections 
of the Eoyal Engineers and of the Royal 'N'aval Air Service 
sjiccially devoted to meteorology. Observations of jiilot-balloons 
became an iiidiis]iensab]e requisite. 

The iminense development of meteorological actmty which 
c.ime wjtli the war expre«5sed itself mainly in the vastly increased 
amount of information which -was demanded from the meteorolo- 
gical service^ by the naval and militar}’’ authorities, and the much 
more elaborate detail ot information w^hich was required, particu- 
laily for questions concerning gas-warfare, sound-ranging and 
other departments of gunnery. The information about the 
atmosphere wTiich was contributed in return by the airmen w’ho 
cIOs^pd the sk}' daily in llights and squadrons was extraordinarily 
small — only ^ome occasional observations of temperature — until 
towards the cud ol the war some excellent photographs of clouds 
taken Irom above w ere made officially ; observations of tempera- 
ture became more or less regular, and the kite-balloon began to 
emerge as an eilcctive method of observing, with self-recording 
gear speci.illy dcMgncd lor use therewith. 

None oi the new methods of observing had, however, become so 
much regularised as to siuvive the end of tlie w'ar. An enormous 
number of records of observations of pilot-balloons are available 
as part of the heritage of the w’ar’s activity. Their ultimate value 
in lorecastmg has yet to be explored and explained. The out- 
standing feature, however, of the twelve years’ experience is a 
greatly increased demand on the part of the Air Services of this 
and other countries for more and more detailed observations. 
The tendency is expressed in this edition by the increase of size 
of the lacsimile of the Daily Weather Report from four to ten 
pages and the corresponding increase in the number and com- 
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plexity (if the cf^rle*? for the trausmi^^ion of These* an* 

set out as an addition to Chapter 1. 

A new field of ohsen'otioii opened up by the necessity ior 
specifying and forecasting the trans])aroi]cy of the air for the 
service of aerial navigation. Endeavour is made to satisfy the 
requirements by noting the distance of \nsibility with the aid of 
a series of landmarks at successh^e distances. The endeavour 
provokes inquiry into the physical conditions of good visibility 
and bad visibility. It is a difficult ciuestion because visibility 
may be impaired by watcr-dro])s, or by dust without water-drops, 
and the association of water-dro])s with dust or other nuclei for 
condensation is not yet fully explored. Moreover, the effect of 
any form of cloudiness upon the visibility of n distant object is 
affected by the way in which the intervening cloud is illuminated, 
as well as by the illumination of the object looked for. A chapter 
is accordingly devoted to some of the ])hysical as])ectfi of visibility 
and their relation to typical meteorological conditions. 

THE USE OF C.G.S. UNITS IN METEOROLOGY 

Very little that is different can be said of the effect of the twelve 
3^ears upon the progress towards the iinivei^sal use of C.G.S. units. 
The lines along which progress seemed to b»* natural are set out 
in the Introduction to the First Edition. What was there 
indicated as probable and tentative became definite and actual. 
C.G.S. units came into use in 1911 for meteorological elements in 
those observatories which already used them for electrical and 
magnetic elements, and the twelfth year of publication on those 
lines is now in progress. We chose units based on centimetres 
and grammes for use in meteondogy principally because those arc 
the units which are universally employed in the physical labora- 
tories where the essential properties of the atnios])here must be 
learned. It is astonishing how exclusively the gramme is 
employed in such institutions. For twenty years, up to 1900, 1 
was employed iii teachiug ]iliysics at one of the chief jdiysicai 
laboratories of tliis country, and i never once saw a weighing 
executed in grains -always grammes wore used. And the 

h 2 
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Faliieiilieit tliennoinete]- was only used lor exercises in coiii- 
jmrisoii : measurement'^ of temj)erature were always in llio 
centigrade scale lor the ver}’’ good reason that all the tables oJ 
reference for ])ht>ical con^tants were given in that scale. 

So pressure, tentatively represented in this book as a fraction 
of an atmosphere ** in the Introduction, and in Chapter MU. 

thou'.andths of a C.G.S. atmosphere in Figs. 146a. and b. oi 
Clhipter XL, and e\])rGs-^e^l in the unit of pressure of 1,000.000 
dvnes i)cr square centimetre in Cliapter XXI., soon fell into line 
uitli the practice of Protessor V. Bjerknes and his colleagius 
in their voik of “Dvnamic Meteorology and Hydrography, 
puldished bv tliO Carnegie In.'-titution of Washington in 1910 and 
1911 . the nnlhljar. repiehontmg 1.000 dynes per square centi- 
metie, became the aceexUed unit of pressure lor our own charts, 
^or chans oi the Norrltern Hemisphere, published by the United 
States Weatli'=‘T Bureau, and subsequently for the daily charts of 
the Bmeaii C cntial Meteorologique of Prance. When challenged 
at an International tVinference of Directors of Meteorological 
Institute'' and Observatories at Paris in October, 1919, it was 
approved by tb\ C’onference as the most suitable unit for the 
international ^^^nuilPmcnts of aviation. 

Hi-nce the milhliar ol l.OOO dynes per square centimetre will 
proba])ly m tjiue Ijp mii verbally accejited as the unit for pressure. 
Its emplovment in this country has already exhibited in a useful 
light the po--ible simjdirication ol the method of dealing with 
ob-^ervations ol tbe mercury barometer when the object of 
measurement is roc ognised pre.'"<uie, and not the length of a 
column ol meicurv under certain arbitrary conditions. 

Some difficulty snll exists about the name. Professor 3IcAdie, 
of Blue HiU Ob'>ci\dtory, would lay an embargo upon the use of 
the Avord milhbrfr for l.UOO dynes per square centimetre because 
it implies that the bar ’ is 1.000,000 dynes per square centimetre 
and some distinguished chemists had used the word bar to mean 
the dyne per hquaie centimetre before Professor Bjerknes claimed 
its use for the C.G.S, atmosphere of a megadyne per square 
centimetre. -Be would substitute the w^ord kilohar lor mdhhar ; 
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but such a word conceals the iiuportant fact which millibar carries 
on its lace, that the unit is approximately one-thousandth part 
of the normal ])ressuro of the atmosphere. It is not quite certain 
that in 1010 the word bar, as the initial syllable of the words 
barometer and barograph, was really at the disposal of any one 
who chose to assign a meaning to it. It has at least inherent 
implications if not meaning.s: A barometer i.s an instrument fer 
measuring the pressure of the atmo.sphere, not for demonstrating 
the C.G.y. unit ol i)ressure. 

Tlie dilhcully will have to be solved by some artifice which wdll 
commend itself by its simplicity, and in the ineantimo no serious 
confusion is likely to ari.^e. 

The .scheme of units v\hich w'as adoi)ted for the observatories 
in connexion with the Meteorological Office included the expression 
of tem])eruture on the centigrade scale measured from a zero 
273° below tlie freezing point of water because so many physical 
relations de])end upon that measurement cither as expressing 
the laws of expansion of gases, or as dependent upon the tempera- 
ture on the absolute thermodynamic scale expounded by Lord 
Kelvin, and often called by his name. 

For the purpose of meteorology the numerical difference 
between the scale used and the absolute thermodynamic scale is 
of no importance ; but Professor Marvin, Chief of the United 
States Weather Bureau, rightly called attention to the fact that 
the scale of centigrade degrees measured from —273° C. is not. in 
fact, the same thing as the absolute scale and that another name 
is required. We have accordingly used the cxpros^io?! inf-en- 
iesimcH scale to indicate the arbitrary scale so dehned. The 
adjective is lung and perhaps not very euphonious ; but it has one 
great advantage : it cannot easily be misunderstood. In this book 
I have used the symbol t for the temperature on the tercentesimal 
scale. It may be objected that elsewhere I have used the .symbol 
a or A. That is, indeed, true : the use dates from a time when 
they might stand for absolute, and now, as they must not do 
that, when the absolute scale" is not really intended, meticulous 
accuracy demands the use of another symboL^ 
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The great practical advantage of the use of the terccntesimal 
scale in meteorology as GX])nnclecl by the extension of observations 
to the highest reaches of the upper air is that negative values of 
temperature are avoided. So soon as one begins to consider the 
])hysical meaning of temperature, negative temperature must 
become a mere convention and a serious obstacle to any under- 
standing ; and especially to organised teaching of the subject on 
a ph 3 ’’sical basis. Witli a little practice we get accustomed to tem- 
peratures round about 200 t. from 220 t to 180 t, as representing 
the temperatures of the stratosphere, and 200 t becomes a sort of 
subsidiary datmn-point for the purpose of reference. Yet, strange 
as it may seem, there are people, and api)arcntly people of 
commanding influence, who find it eas}' to understand a tempera- 
ture of —31° F. while 238 t conve}'s no meaning to them. So the 
decision which was taken in 1911 to express temperatures of the 
upper air in the absolute or, more strictlv. the tercentcsimal scale, 
has not held. It lias, however, established itself in the attached 
thermometers of mercur}" barometers, and there it is peculiarly 
useful because it helps to avoid confusion between readings of the 
temperature of the merciirv of the barometer and the temperature 
of the air. 

While we are dealing with nomenclature it ma,v be well to refer 
to a practice which grew up at the ileteorological Office in the 
course of the preparation of the *’ Meteorological Glossary ’’ in 
1916, of using the expression lap^e rate " of temperature for the 
rate of change of temperature with height. The reason for the 
])raetice was that we found ourselves frequently using gradient 
of temperature for the change along the horizontal which is in 
accord with jiractice as regards pres.')nre : so to avoid confusion 
a new name was necessary for the change in the vertical. 

PROGRESS IN THE THEORY AND PRACTICE OF 
FORECASTING 

While these things have been developing, or failing to develop, 
in consequence of the war, as the case may be. as in 191 1 they were 
expected to do, there has been great activity in the theory and 
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practice of forecasting to which reference must be made in 
reviewing the present position of the subject. We have, for 
cxam])lc, now tui exposition of the practice of foi'ecasting in the 
United States by a Board composed of Alfred J. Henry (Chair- 
man), Edward H. Bowie, Henry J. Cox, and Harry C. Franken- 
field, which was initialed by Professor 3 tar viii in November, 19 
and was published in Washington in 191(5. It deals witli the 
behaviour of cyclones in relation to the attendant anticyclones 
much more in detail than we are accustomed to in this country. 
Our cyclones are harrlly with us long enough 1o develop real 
personal acquaintance. 

The chief event in the department r)f forecasting weather is the 
introduction ))y the Meteorological Institute of Bergen of a new 
analysis of the weather of a cyclone with reference to two lines 
which meet at the centre, and arc called the warm front and the 
cold front rcspcclively. 1'his new analysis lias been worked out 
by J. Bjerknes. H, Solberg and T. Bergeron on the basis of an idea 
of a surface of discontinuity between polar and equatorial air 
which has formed the fundamental conception of a theory of the 
atmospheric circulation by Professor \". Bjerknes. The new 
analysis adds precision to our ideas of the distribution of rainfall, 
and its introduction has been called epoch making/’ Some 
account of it wdll be found in Chapters Y. and X. 

In France attention has been given to the idea of co-ordinating 
the features of weather according to the pressure-differences for a 
fixed interval of time. Isallobars are drawn after the manner of 
Ekholm as indicated in Chapter XXII., and they receive the name 
of noyaxix de baisse. The shape, distribution and sequence of 
clouds has also received very special attention as a meaus of 
forecasting. These are specially interesting because tiu problem 
which presents itself in France is generally the problem ot the 
southern margin of a cyclone on its westward way. 

In this coimtry Colonel E. Gold has piwided a ready means of 
reference to types of barometric distribution, by which the current 
situation can be handled more definitely than by the unaided 
memory of the forecaster. In Australia Mr. Quaylo has traced 
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the iiiriiience of the northerly winds upon the rainfall of tli(* 
southern pdi'ls of (lie country, and in the Argentine Mr. Clayton 
has essayed (he varialion of the solar activity as a means ol 
forecast iiiii changes of temperature. 

The re-estahliMnnont of the collection of uieteorolot:iCiil 
inforniation Jrom ships ""at sea by radiotelegrapliy, and new 
aiTcinireineiiis for broadcasting weather reports have provided 
hliips at sea with the facilities for the construction of synof)tic 
charts. A recent number of the ‘‘ Cliart of the North Atlantic 
Occam" No. ‘ioo, for Juue. 1022. explains the codes and substances 
of meteorological messages broadcasted by countries bordering on 
tlio North and South Atlantic, viz.. Great Britain (Olifden), 
France (Eiflel Tower). Holland (Scheveningen), Nortli Africa 
(Tunis). tViiiada and Newfomulland (Barrington Passage, Cape 
Sable. (^a])o Dace, Belh* J'^le, Fame Point. St. John's), Bermuda 
(Somerset Nland), Jamaica (Christiania),Uiiitecl States (Arlington, 
Key AVo^t, Point Isabel, San Tuan P.R.. Portland, Boston, New 
York. Philadelphia. Baltimore. Norfolk. Charleston, Savannah, 
St. Augustine, Miami. St. Petersburg. Pensacola, New Orleans, 
Gil] vest on). "Mexico (( ’ampf^che. Payo Obibpo, Tera Cruz, Saliua 
Cruz). Panam.i (Balboa ). South Afric \ ((ape Town). Brazil (Tlha do 
Governador). Uruiiuay fCerritfO. Azores (Faleiras, Monsanto). 

In addition to ilie regular wi^ather messages, warnings of gales, 
storms or h\inKaiies are ^ent from many stations. A book ol 
instructions in tlie art of eon’-tructing ..nd Using such charts has 
been ])repari‘d bv Comma uder L. A. Brooke »Smith, Superintendent 
ol the Marine Dividon of tlic OiWr-o, and issued as an official 
pubhcatioii. M G. 210. 

SUMMER TIME 

Among the innovalions incidental to the war one of the most 
sirikiiig is tlie adoption l)y Act of Parliament of what is known 
as summer (ime. From fhe time of the adoption of a common 
standard lime for the whole country, up to lOlO A\^estern 
European time, that is (*ivil mean lime of the meridian of 
Greenwich, was the .standard lime for all civil purposes for the 
United Kiiuidcuu. The clocks of Middle Europe one hour in 
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jidvaiicc of ours Icojit llio time of the uieiirliiin of 15' E. By 
f]io Acts inii)osin<T KUiniiieT tinio all clocks in the kingdom 
were iirlvnnccrl one hour. Middle Euro]) 0 iiu time became the 
standard time ol this coniilry for periods lixed l)y some com- 
petent. authority. During those ])eriocls all undertakings and 
obligations in wliieh time is s])ecified are intorpreled in accord- 
ance nith the clock as adjusted and not ^vith Greemvich mean 
time. 

The ])eTiods during which these adjustments have been in 
operation arc — 

191C, May 21— Oct, I. 1920, Mar. 28— Oct. 25. 

1917, April 8— Sept. 17. 1921, A])ril 3— Oct. 3. 

1918, Mar. 21— Sept. 3(». 1022, Mar. 25— Oct. 8. 

1919, Mar. 30— Scpi. 29. 1923, April 22— Sept. 16. 

The elTect of lliis innovation upon meteorological operations 
is for the moat part indirect. Climatological observers adhere 
to local mean time and synchronous oUservers to Greemvich 
time. During summer time all their observ^ations are in con- 
sequence nominally one lioiir in arrear. A certain amount of 
inconvenience may be felt. Post Office facilities available up 
to six o’clock in winter are slmt oli at five o'clock (G..M.T.) in 
BUinnier ; and no ])ul)lic clamour lias been excited by the loss 
of these facilities. But this is not the place to ponder the con- 
clusions which ought to be drawn from that fact. The warning 
to avoid confusion which is to be found in the Daily Weather 
Report survives in Fig. 46. 
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FORECASTING WEATHER 


CHAPTEE I 

SYNOPTIC CHARTS 

The practice of forecastiag weather, now sixty years old, 
depends mainly uj)on conclusions derived empirically from the 
study of synoptic weather charts. Its rules are partly formu- 
lated and partly exercised by the subconscious induction of 
prolonged experience. In the course of the forecast work at 
the Meteorological Office ten years ago more than elev^en hundred 
original maps were pre]3ared each year, and more than three 
thousand manuscript copies made. The number of charts made 
and of the data charted is now very much greater : the making 
and reading of s 3 Tioptic charts form an almost continuous process. 
It becomes difficult to realise that the art of reading a weather 
map is one that requires any introduction or explanation even 
for the general reader. Some preliminary explanation may. 
however, find a place here. 

By a synoptic chart we may understand a map of the geo- 
graphical region under consideration showing the distribution 
of the various meteorological elements over the region for the 
same point of time, or for the same interval of time. We may 
use a synoptic chart to show the distribution of mean pressure 
for a month by entering upon the map the average of daily read- 
ings of the barometer, properly corrected, upon a uniform plan, 
for temperature etc., at a number of observing stations within 
the region. Or we may write down upon the map the individual 
readings of pressure at the various stations, duly corrected as 
before, at the same hour of observation. The other meteoro- 
logical elements may be dealt with in similar manner. Charts. 
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which repreBent the distribiitious at the same epoch, or point 
of time, are called synchronom charts, and it is these which are 
used in forecasting; but they are frequently referred to 
simply as synoptic charts without any indication that, as 
regards the chief meteorological elements, the distribution for 
a specific epocli is represented. Various devices are adopted 
in order to use a single map to show at one view the distribu- 
tion of a number of elements over the region — ^for example, 
wind-direction miy be shown by the direction in which an 
arrow points, wind -force by the ])articular kind of arrow or by 
the number of its feathers ; lines, full or dotted, may show the 
distribution of one or more elements, such as pressure and 
temperature, and letters, figures, or symbols the local values 
of others. 

The distribution of the elements will, of course, be the same 
whatever units are chosen for their measurement, but the actual 
lines selected for the representation will be diifereut because the 
lines are drawn for round numbers. A great change therefore 
came over the map])ing for the Daily Weather Report when the 
Meteorological Office decided to publish pressures inC.G.S. uuits, 
centibars or millibars, rainfall in millimetres and winds in metres 
per second. That step was taken in 1914 and the change took 
effect in the issues of the Daily Weather Report on May 1 of that 
year. In the Weekly Repoj’t the change had already been 
introduced on the first day of the year. Temperatures were still 
expressed in Fahrenheit degrees, although the tercentesimal scale ^ 
had been introduced for the attached thermometers of ships’ 
barometers. The Weather Bureau of the United States accepted 
more completely the logic of the situation and published daily 
maps of the Northern Hemisphere in millibars and tercentesimal 
temperatures. A similar practice was followed with the daily 
charts of the Atlantic Ocean and adjoining continents, which at 
that time formed a notable feature of the Weekly Weather 
Report; pressures were given in centibars, temperatures of the 
air in the tercentesimal scale. 

^ introduction to the Second Edition, p. xxi. 
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Thus the year 1914 marked an important ex)ocli in the history 
of synoptic charts. The changes were overshadowed by the war, 
and when the war was over the situation proved to have been 
confused by yielding to the idea that new readers of an old subject 
will find it easier to luiderstand the modern developments if old 
units arc utilised . The change from Fahrenheit to tercentesimal 
might have been carried out in 1914 with little delay ; in 1921 it 
seemed further off than it did seven years before. But many 
other changes have been made which are even more drastic. 
Observations were made four times a day, at 01 h., 07 h., 13 h., 
18 h., adopting the prevailing inihtary notation. The weather, 
and cloud at the time of observation, which had to be classified 
into ten types in 1914, emerged from the war with two hundred 
types, one hundred for current weather and another hundred for 
past weather. A numerical scale for visibility and another for fog 
had been introduced, and observers were taught to define visibility 
by noting the most distant among a series of objects, previously 
selected for the purpose, which could be seen from the point of 
observation. Observations of winds at various levels made by 
means of pilot-balloons had become available from many aero- 
dromes where professional meteorologists were stationed, and a 
few observations of temperature in the upper air frojn aeroplanes ; 
observations of cloud had been reorganised into “ high ” cloud 
and “ low cloud, and many details of extent and height were 
given. In 1919 the Daily Weather Report was extended from 
four quarto pages to ten such pages, four being devoted to British 
observations and their representation on a map to the scale of 
1 : 10,000,000, aided by some observations from the neighbouring 
continent and islands ; four others are devoted to an International 
Section which ^dis^ilays, on one broadside, JuapsforO? h. and 18 h. 
of the previous evening on the scale of the old maj) oE 1914, viz.. 
1 : 2 X lO"^ with inset maps of 01 h. and 13 li., and, on the other, 
observations at the various stations on the Continent and Atlantic 
Islands, from which, together with the British observations 
aforesaid, the maps have been compiled. Another section of 
two pages was devoted to observations of thojumer air. 

" .B 2 
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A new feature was introdaccd in the form of records of sea and 
air temperatures in mid-channel, which by the favour of the ships* 
owners and officers, came from tiie vessels on the cross-channel 
passages between Great Bi’itain and Ireland or the Continent. 
More recently the efEoit seems bo liavc languished, but something 
still survives, and some day we may learn from the observations 
something about the conditions for sea fogs. 

Within the last few months reports by radio-telegraphy from 
the ships on the Atlantic have ap])carecl again in the reports and 
with much more elaborate observations than were obtained 
between 1907 and 1914. 

Thus the now Daily Weather Report, with its ten quarto pages, 
represents more far-]*eaching changes than all those which inter- 
vened between the first lithographic reproductions of the report 
and the issues of 1914. It is not possible to combine the two 
types in one description, and therefore we will retain the facsimile 
reproduction of the report for April 1, 1910, and the description 
which is applicable thereto and to the issues in the thirty years 
which have preceded it, and we will add a new facsimile for 
October 1. 1921, and a new description of the compilation, wliich 
includes about 2,500 separate facts each day about British 
weather, and perhaps 5,000 separate facts of the weather of a 
day, in North-western Europe and on the Atlantic. 

I50BAR5 

The distribution of pressure is almost universally shown by 
drawing isobars for sea-level ; these are lines on the map con- 
necting aU the points at which the pressure, corrected for the 
height of the station above sea-level, has definite values. Such 
isobaric lines, or isobars, were forjnerly drawn on our maps for 
every tenth of an inch of barometric pressure given by a mercury 
barometer, so that the hne marked 29*9 on a synchronous 
chart meant that, at the time of observation, the sea-lcvel 
pressure computed from the reading for the epoch to which the 
map is intended to refer and adopted for any position crossed 
by the line, was 29*9 inches of mercury. For higher pressures 
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lines were drawn similarly for 30*0 inches, 30-1 inches, etc., and, 
ranging downwards, for 29*8 inclios, 29-7 indies, etc. This 
practice is generally expressed by saying that isobars are drawn 
for every tenth of an inch. With the change of measurement of 
pressure from inches to millibars, a corresponding change has to 
be made in the setting out of the lines. On the maps of the 
British Section of the Daily Weather Report isobars are drawn 
for the datum pressure of 1,000 millibars, the C.G.S. atmosphere, 
and for each step of two millibars upwards and downwards from 
that datum ; the maps of the International Section carry isobars 
for 1,000 milhbars and for steps of four millibars upwards or 
downwards from that datum. The scale of the map of the 
British Section is double that of the International Section so that 
a step of two millibars of xiressure in the one case would give the 
same actual distance on the map as a step of four milhbars in 
the other. 

The process of drawing isobars is, however, exactly similar 
whatever unit and whatever map be adopted. It is, of course, 
unusual for the reading at a station to fall on the exact 
milhbar, still more so on an exact two-millibar or four-milhbar 
step. The position of the point to be adopted for the exact step 
has generally to be determined from the readings at stations on 
either side of it. Readings are reported and plotted for the 
nearest tenth of a millibar, and the estimation of the point 
for the exact step between two stations, one of which has a 
reading above the step and the other below it, presents little 
difficulty. The process is known in this relation as interpola- 
tion, and a httle practice only is necessary to give a result 
which is sufficiently accurate, except in special cases where 
there are local variations of pressure not indicated by the avail- 
able readings. Sometimes several isobaric lines have to be 
interpolated between two adjacent stations. It requires some 
skill and judgment to draw a series of isobars quickly and 
correctly. In examining them it is important to recollect, as 
one runs the eye along the isobar, that if in any part of its 
course the pressure is lower on the left than on the right, it 
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can never be otlierwise in any other part of the course. An 
isobar can never stop sliort ; it must sooner or later re-enter 
on its path, either within the map or beyond it. It may have 
to go roimd the earth's axis to tnke up the end again. It 
cannot bifurcate except in the highly improbable event of the 
one line of the bifurcation being the limiting case of a linear 
distribution of maximum or minimum pressure. It is just 
possible but not lilcely that an isobar for an exact number of 
millibars might cross its own path and make a figure of 8, in which 
case, for reasons which will presently be apparent, the crossing 
point must be a region of no wind. 

The reduction of barometer readings to sea-level is necessary, 
because pressure diminishes with height at about the rate of 
one-tenth of a millibar for a metre or a tenth of an inch of mercury 
for 100 feet, so that the variations due to moderate heights are 
of a greater order of magnitude than those of the ordinary 
meteorological changes. When the heights are great there is no 
doubt considerable risk of uncertainty introduced by reduction 
to sea-level ; but except for a few high-level stations, the redaction 
was adopted for daily weather maps by all countries except the 
Transvaal, where the heights of the stations were mostly of the 
order of 4,000 or 5,000 feet, and were not accurately known. For 
the Transvaal daily weather service deviation from average was 
used for plotting, instead of pressure- values at sea-lcvel. It may 
easily be argued that for the higher continental areas it would 
be better to have a separate chart for some higher level, 1,000, 
3,000, or 5,000 feet, and not attempt to join up the lines with 
those dra'wn for the sea and for land areas that are not higher 
than 500 feet, but the interesting experiment of a dual system 
for mapping has not yet been tried. There is much to be said 
for using the level of 106 metres above sea-level as the horizontal 
plane for meteorological charts because that would correspond 
with a standard pressure of 1,000 millibars and the corrections for 
height would be less. 
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ISOURAMS 

Tlie distribution of other rlcmcnts. such as temperature or 
Jiuniidily, (jiii al^o be re])re^ciit eel by lines -which arc drawn 
through points at which the elenieiit has a specified value. 
The general name of isogram is given to a lino drawn on a diagram 
or chart separating the region of values above a certain fixed limit 
from those below. Isobars are isogiams of pressure, isotherms are 
isograms of temjjerature, and so on. 

The information represented by synchronous charts used 
for the purpose of forecasting is communicated by telegraph (wire 
or wireless) from the stations where the observations are made. A 
sufficient number of stations is required for the isobars to be 
drawn with reasonable accuracy. The map is very sensitive 
to errors. As a rule there are sufficient stations to enable the 
map-maker to detect an error of two or even one millibar by 
comparison ^vith the readings of neigh])ouring stations. But 
it is not always so. I have known an undetected error of a tenth 
of an inch (three millibars) in the reading at a single station result 
in the issue of an erroneous set of forecasts suggesting thunder- 
storms which did not occur. 

It is of vital importance in forecasting that the observa- 
tions which reach the forecaster should be free from errors of 
reading or transmission, otherwi.'^e the finer structure of the 
atmospheric situation is lost, and a generalised map is pro- 
duced day after day in which exceptional readings, whether 
true or false, are rounded off. Progress in accuracy then 
becomes practically impossible. Hence it will be found that a 
large part of the work of dealing with synchronous observa- 
tions has to bo devoted to the preliminaTy duties of testing and 
comparing instruments, inspecting stations, and checking the 
accuracy of telegrams. The organisation is the more difficult 
because the observers themselves sometimes have no practice in 
plotting observations on charts, and they are apt to think that 
a suggestion from London of a doubt as to the acjcmacy of 
barometer-readings made on the spot displays an unjustifiable 
want of confidence. 
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For an liistorical account of the development of the daily 
synchronous cliart and the gradual progress towards the present 
system of gale-warnings and weather-forecasts, the reader may 
be referred to the standard work on dynamical meteorology 
by H. H. Hildcbrandsson and L. Teisscronc de Bort, ‘^Les 
Bases de la Meteorologie Dynamique,’’ Vol. I. Chap. IV. 

I shall not attempt here 
to recapitulate the history, 
which goes back at least to 
the time of Lavoisier in the 
eighteenth century. Natu- 
rally the development re- 
ceived its greatest; impetus 
with the introduction of the 
electric telegraph. I will 
confine myself to repro- 
ducing one or two examples 
of notable charts. The first, 
the chart for 9 a.m., Sep- 
tember 24, 1851, is one of a 
series of charts produced in 
connection 'vvdth the great 
Exhibition of 1851 (Fig. 1), 
and may be regarded as the sequel of an experiment in weather 
telegraphy initiated by the Daily News in 1849. The windvS are 
represented by arrows and the pressures are written in figures, 
while the weather is indicated by letters. 

The next example, the frontispiece of the first edition, was 
prepared in 18(50 by Admiral FitzRoy, head of the Meterological 
Department of the Board of Trade, one of a series representing 
the storm of October 25-26, 1859, in which the Royal Charter was 
^vxeckcd. The third (Fig. 2) is one of the earliest charts for 
Western Europe, as organised by Leverrier, the originator of 
international weather telegraphy. It was published in the 
autumn of 1863 in the “ Bulletin International de TObservatoire 
de Paris.” 
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Admiral FitzRoy '.s cliait indiratos tlip harotnetric ])reasuro 
and the temperature by the lengths of ordinates drawn 
upwards from the parallels of latitude, wh.ereas Leverrier’s 
chart indicates the adoption of the itobar as the main feature 
of the chart. The difficulty of obtaining the material for the 
construction of synoptic charts for any considerable area has 
ahvays been very great. For the efficient working of an inter- 
national sy^'tom there are many requirements — simultaneity of 
obseivalions, effective and sympathetic telegraphic organisation, 
uniformity of instruments, methods of observing and of reducing 
observations, and, finally, if the system is to be really interna- 
tional, uniformity of units. Since 1851, when the first synchronous 
telegraphic chart was exhibited, gradual progress lias been made to- 
wards the fulfilment of all these conditions by individual countries 
and by international agreement betAveen European countries. 

In its chief features the system of charts which is in general 
use had become established in 1872, and from that time it has 
been gradually improved. In 1910 it was represented by daily 
charts and reports issued by this country partly in C.G.S. and 
partly in British units, and. on the Continent, by Portugal, Spain, 
France, (Jermany, Austria, Italy, Norway, Sweden, Denmark, 
Holland. Belgium, Switzerland, Hungary, Roumania, Russia, in 
metric units. MeanAvhile in the western hemisphere a uniform 
system based on British units was in use for the vast combined 
area of the United States and British North Aanerica, in the 
eastern hemisphere for the area represented geographically by 
India, and at the Antipodes for the Australian continent and 
adjacent islands. Daily reports were collected in South Africa, 
but the Union had not yet e&tabhshcd a regular issue of daily 
charts. Daily reports and charts using metric units were issued 
in Algeria, Egypt, Japan, China, and the Argentine Republic. 

We note on October 30, 1922: — Belgium, Egypt, Great 
Britain, Norway and Spain now use millibars ; Australia gives 
inches wuth millibar equivalents. The Argentine Republic gives 
isobars for steps of four millibars from 1,000 millibars upwards 
and downwards, but gives its data in millimetres. France 
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published maps in millibcirs for a time, but has revorfed t(/ 
luilljuetres. H.S.A. used millibars and toic(‘ntesimal scale for 
maps of the northern lioniisphere in 1914 ; Mexico has resumed 
the issue of a daily report in milliinctres. South Africa still 
uses inches. 

Thus the Daily Weather Report and its accompanying 
charts, which sixty years ago in this country formed the sub- 
ject of the prospectus of a limited conij)any, has become a 
recognised Government institution over nearly the whole of 
the civilised world, with the object of disseminating telcgrapliic 
information as to the present state of the weather and the 
prospects of the immediate future. 

The reader, therefore, will imderstand that a book on lines 
similar to this one might Ijave been wiitten in almost any 
language, with illustrations drawn entirely from the weather 
charts of other countiics. 

THE DAILY WEATHER REPORT OF THE METEOROLOGICAL 
OFFICE, 1910—1919 

Let us first turn our attention to the information which was 
included in the older dcaily reports of this country and the form 
in which it was presented. Except as regards colour, the blue 
tinting of the sea carea being omitted, Fig. 3 is a facsimile repro- 
duction on a reduced scale of the report for April 1, 1910, which 
embodied the most recent modifications,^ The construction of 
the rei>ort will be better understood if I make it clear that the 
fundamental principle adopted by the Office with regard to the 
issue of gale warnings and forecasts was that the issues must be 
accompanied by the data upon which the warnings or forecasts 
are based and a statement of the reasons for the conclusions 
expressed therein. Page 1 of the Daily Weather Report contained 
the data received by telegraph from twenty-nine British stations, 
thirty-one continental stations, and seven stations in the Atlantic 
islands of Iceland, Faroe, Azores, and Madeira. With the 
exception of only four stations, two of them in our islands, the 

1 The form of the Daily Weather Report was again revised for January 1. 
1911, but as the illustrations wore drawn maitily from charts of the came form 
os that of April 1, 1910, the reference thereto ha^ been retained. 
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morning ol).seTvation3^YCl•cat 7 a. ] ii. AVestern European, or Orcoii- 
w’icli mean time. The evening f)bRervcat.ionR, wljicli occupy 
the first five columns, \vero at 6 p.in. in tliis country, hut they 
are less vstrictly synchronous with tliose of other countries than 
are the nioniing ones. 

The information was telegraphed to the Office in code form. 
The code was a figure code, five figures forming a “ group.'* The 
component figures may be represented as follows ; — 

Three figures reprosenting pressure to the hundredth of an inch 
with the first figure (which will be 2 or 3) omitted. 

DD Two figures for wind direction in even points — 02 is NNE, 08 in B, 
16 is S, 24 is AV, 32 i- N. 

FF Two figures for wind-force on the Beaufort pcale 0 to 12 (•^oe p 20). 
W One figure indicating the weather or the f^tate of the sky according 
to a conventional figure code. 

TT Two figures for temperature of the air in l^'ahronhoit degrees, 
tt Two figures for the tempcratui’o of the wet bulb. 

EBR Three figures for the rainfall to the hundredth of an inch. 

TT Two figures for the maximum temperatui’e of the previous twenty- 
four hours. 

t't' Two figures for the miuimum temperature of the previous twenty- 
four hours. 

S One figure for the state of the sea according to a conventional scale 

The form of the message was arranged by international agree- 
ment and a full morning message consisted of six groups of 
figures. The first two groups gave the observations of the 
barometer, wind-direction and force, dry bulb temperature, 
and weather of the previous evening, represented bv BBBDD 
FFWTT. - 

The four following groups gave the morning observations 
and the information as to maximum and minimum tempera- 
tures, rainfall and sea-disturbance in the past twenty-four 
hours : BBBDD FFAVTT ttRRR T'T't't'S. 

Negociations, in progress since 1909, for replacing the figures 
used to give the temperature of the wet bulb by the change in the 
barometric pressure in the three hours preceding the hour of the 
morning observation had been completed, and the consequent 
modification of the international code began on May 1, 1911. 
Additional information about the duration of sunshine and 
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the weather in the past twenty-four hours was given in the 
British messages by additional groups or in words. 

Particulars as to the Beaufort scale of wind-force, which is 
used as a basis of the figure-code for wind, are. given in a later 
section of this chapter, pp. 17 — 22. 

The other figure-codes were as follows ; — 


0 = sky quite clear. 

1 = ,, a quarter clouded. 

2 = „ half clouded. 

3 = „ three-quarters clouded. 

4 = „ entirely overcast. 


Weatiieu Code. 


5 = rain falling. 

0 = snow falling. 

7 — haze. 

8 = fog. 

9 = thunderstorm. 


Sea -Disturbance Code. 



Description. 

Uoi^'lib of WUVC& ill foot 
Irom cre&t to trough. 

Condition of Surface. 

? 

Calm . 


Grlassy. 

^ ' 1 
2 1 > 

Smooth 

— 

Eippled. 

<! 

Slight to moderate 

Under 6 feet j i 

Rocks buoy orsmull boat. 
Furrow cd! 

5 

Eongh to very 

5 to 10 foot j 

Much disturbed ; 

6 

rough. 

deeply furrowed. 

8 i 

High to very high 

( 11 to 15 feet ) 
j 16 to 35 feet j 

Boilers with steep fronts. 

9 

Phenonie?ml . 

36 feet and above 

Precipitous ; lowering. 

i 


Wind -Direction Code. 


CO Ciilni. 


02 NNE. 

18 SSW. 

04 NE. 

20 SW. 

06 ENE. 

22 WSW. 

08 E. 

24 W. 

10 ESE. 

26 WNW. 

12 SE. 

28 mv. 

14 SSE. 

30 NNW. 

16 S. 

32 N. 


The positions of the digits in the groups w’ere rigidly adhered 
to ; a missing digit was represented by a zero. The sLx groups 
indicated above were the international groups. For our own 
use we employed additional groups, for example, three figures to 
give the duration of sunshine in hours, two for the maximum 
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temperature between 7 a.m. and 6 p.m., a group of five figures 
for the maximum or minimum of pressure since last observa- 
tion and the time of its occurrence as taken from the baro- 
graphic record. We also had a special code for transmitting 
information respecting cirrus clouds. 

For information coming from continental countries the code 
was modified in some particulars in order to transmit the corre- 
sponding information in metric units. The readings thus received 
were converted to the British equivalents by the ofificial who 
received tlie message. 

The remaining data available for the morning report were 
given in three tables on its fourth page. The first table gave 
information for about thirty -eight additional British or Irish 
stations received by telegram on the previous evening or by 
first post in the morning. The second gave information 
extracted from the "'Bulletin International” of France for 
stations in Europe or Africa which were then outside the range 
of our ovn telegraphic reports. This table was introduced 
into the report at the request of the late Sir W. Harcourt, some- 
time Chancellor of the Excliequer. The third table on p. 4 
is the most recent and most interesting, because it gives 
information received by radio-telegraphy from the ships of 
H.M. Navy, or from the liners crossing the Atlantic. Informa- 
tion was sent from H.M. ships in accordance with a code adopted 
in 1907, similar to that used for shore-stations. From January, 
1909, messages were also received from Atlantic liners in accord- 
ance with a modification of the code to suit the special cir- 
cumstances. The information in this table is necessarily 
spasmodic, because it depends upon the ships being within 
practicable range of the shore-stations at the time of observa- 
tion, either directly or by repetition of the message through 
an intervening ship, but the readings always refer to 7 a.m. 
or 6 p.m., with the supplementary information of a previous 
reading, so that whenever messages arrived tlie data could be 
incorporated on the chart with those from continental or 
island stations, and thus the gaps in our information for 
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the region between onr shores and the Atlantic islands were 
occasionally filled in a very satisfactoiy manner. 

Pages 2 and 3 of the Daily AVeather Report showed the 
charted data, with remarks and conclusions drawn from them. 

The first chart shows the pressure-readings and the isobars 
for sea -level i)ressurc, with indications of the clinngea that are 
taking place at the time of observation. The isobar for 
29'9 in. is marked by a thicker line, because the pressure 
indicated thereby is an approximation to the average sea-level 
pressure over our area. This isobar is shown somewhere on 
nearly every map. A glance at its relative position on two 
successive maps is enough to give a general idea of the 
changes which have taken i^lace in the interval. The positions 
at sea from which information has been received b}" radio- 
telegraphy are indicated by a symbol suggesting a two-funnel 
steamer. The uiiid-circulation is represented by arrowy’s, 
rough sea by a bold wavy line ; the distribution of rainfall or 
other kinds of precipitation is made cons])icuous by marking 
the several stations with a black dot for rain, a star for snow, 
and a black triangle for liail. 

Temperature and w^eather are rej^rcfecntcd on the second 
chart, the temperature by figures, with isotherms for every 
ten degrees, and the weather at the time of observation by 
letters in accordance with the following convention, which is 
based on Admiral Beaufort^s notation : — 


b. Blue ^ky. 

be. Sky half cloudoil. 

c. Sky thicc part's clouded, 
u. Drizzling rain. 

e. W(*t air without laiii falling. 

f. Pog. 

g. Gloom. 

h. Hail. 

l. Liiyhtniiig. 

m. Mi'st. 

o. Ovoieaht ^ky. 

p. Passing showers. 


q. Squalls. 

r. Pain, 
s- Snow. 

t. Thiindpr. 

ii. Ugly, threatouing appear* 
ancp of the sky. 

V. A^’isibility, unusual ti’uns- 
pavcncy. 
v>. Dow. 

X. Hoar frost, 
z. Dust-haze, or smoke. 


Information as to changes in temperature and the distribu- 
tion of rainfall is written in w’ords on the chart. 
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Supplementary charts on a smaller scale are given to show 
the distribution of pressure and wind at 7 a,in. and 6 ]).m. 
“ yesterday. “ In these the points of the wind-arrows mark 
the position of observation, whether on hmd or at sea. 

On p. 2 of the report a chart of mean monthly temperature 
at 8 a.m. is given for the purpose of reference, and balancing 
it on the opposite page is a chart, upon which information 
is given as to the division of the country into districts for 
forecast purposes and as to the notification of gale- warnings. 

The text of the report consisted of a series of notes on the 
general meteorological situation as disclosed by tlie data for 
7 a.m., and by the charts which are based on them, together 
with a short note on yesterday's weather. These remarks were 
intended primarily for the use of evening newspapers, whose 
readers have not access to the charts or tables of data; and, 
secondarily, for readers of the report who are not accustomed 
to formulate for themselves a summary of the information 
displayed in the tables or the charts. So far as the Office is 
concerned, they served the purpose of impressing upon the 
forecaster’s mind the salient features of the meteorological 
situation in a definite form, and their preparation, therefore, 
leads to precision of ideas respecting the general situation. 

The inference which is drawn from the situation by com- 
parison with those represented by previous maps is then 
expressed in brief under the heading ‘‘ General Inference from 
the 7 a.m. Observations” which appears on the third page. 
The forecasts which express the application of the general 
inference to the prospects of w^eather for the ensuing twenty- 
four hours within the special areas represented by the several 
districts of the British Isles were set out in a column under 
the heading of ‘‘Weather Prospects.” On April 1, 1910, for 
the first time, in the report here reproduced, a column 
appeared on the extreme right hand for the insertion of a 
note on the “Further Outlook,” thus extending the prospect 
of weather, but in a more general sense, to the period beyond 
the termination of the twenty-four hours. This column was 
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used if the meteorological conditions were such as to enable the 
forecaster to draw a reasonable inference for the longer period. 
If not, the column was left blank. 

Before we proceed to the consideration of the changes that 
were introduced during the interval between 1911 and 1921 the 
remarks in this chapter must be supplemented by an explana- 
tion of the present position in respect of measurements of wind- 
velocity and estimations of wind-force because the wind has 
become an object of very special consideration. It is even more 
so now than it used to be when the chief interest in winds was 
from the point of view of ships. Much progress has been made 
m the study of all subjects connected with wind. Anemometers, 
which used to be very rare instruments, are now, comparatively 
speaking, common, though they are still expensive. At the same 
time the estimation of wind without instruments is an accom- 
plishment which can be easily acquhed and turned to useful 
account. 

The following notes are based upon a memorandum contri- 
buted to the Advisoiy Committee for Aeronautics in 1909. 

THE BEAUFORT SCALE OF WIND-FORCE AND THE 
FORMULAE USED IN ANEMOMETRY 

The scale in general use on sea and land for estimating 
wind-force is that dcvi.sed in 1805 by Admiral Sir Francis 
Beaufort, Hydrographer of the Navy. The original specifica- 
tion of the scale was based upon the speed which a well-con- 
ditioned man-of-war would make, and the amount of sail she 
could carry. Since the formation of the scale the practice of 
estimating by it has been extended from sea to land ; but 
changes in the rig of sailing-vessels and their gradual replace- 
ment by steam-vessels have made the original specification 
no longer applicable in practice, and by 1903 this method of 
estimation had become simply traditional. 

After a careful comparison, completed in 1903, of the 
practice of experienced observers with the records of anemo- 
meters, a scale of equivalents has been ascertained which gives 
results agreeing closely with the following formulas for the 


F.w. 


o 
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velocity and pressure equivalents ol the Beaufort scale of 
wind force : — 

p -= -00:1 r-^ = -0105^3, V - 1-87 v/R^ 

where B is the Beaufort number, V the corresponding velocity 
in miles per hour, P the corresponding pressure in lbs. per 
square foot. 

When metric units are used and v is the velocity in metres per 
second, / the force per square centimetre in millibars, we have 
instead : -- 

/= - 0072^2 = .QOoH* and ^ 0-8:16 ; 

hence a wind of force 6 on the Beaufort scale gives a pressure on 
the hinall area exposed to it of l-l millibar. 

These formute were adopted by the Meteorological Office 
to ex])rcss tlie relations of B, V, and P, and from them the 
scale of aver<ige equivalents given in the table on pp. 68, 69, 
lias been prepared. At the same time an endeavour was made 
by the late Captain Campbell Hepworth, Marine Superintendent 
ol the Office, to translate the original specification of the 
Beaufort scale into terms that arc a])plicablc in the case of jnodern 
ships, aiid by Dr. 6. C. Simpson, who is now Director of the Office, 
tf) suggest a classification by means of the effects upon trees 
and buildings corresponding with the various Beaufort numbers. 
This classification does not admit of definition in juccise terms, and 
it is open to criticism on that ground. But in the absence of any 
special apparatus general terms must be used, and the classifica- 
tion is found in practice to provide fair working rules for observers 
on land. 

A note must be added as to the factor employed for the 
reduction of the anemometer readings in computing the 
formulae given above, in explanation of the second column of 
the table of wind velocities, p. 22. Originally the factor 3 was 
used for all anemometers of the Robinson type to convert the 
“ run of the cups ” to the “ run of the wind.” ' Experiments, 
chiefly as regards this country, by Mr. W. H. Dines, F.E.S., 
showed that the factor 3 is too large for the larger types of 
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Robinson anomomoters, and after prolonged inquiry tbe 
factor 2*2 has been adopted for the Robinson anemometer of 
standard pattern, with 9-inch Qiips and 24-inch arms, 
measured from the axis to the centre of the cup. Smaller 
instruments are found to require a higher factor, up to 
2*8 for the recording instrument of smaller size, i,c., with 
5-inch cups and 1-foot arms (see “ Observer, 's Handbook/* 
1909, p. 77), or the sight-reading instruments that are in 
general use. 

The pressure tube instrument (another form of anemometer 
used by the Meteorological Office) is graduated on the under- 
standing that, with a wind of 100 miles per hour, the pressure 
at the vane and suction at the head give a difference of level 
of 7'3 inches 'of water upon a water gauge. Putting the 
statement as a formula, we get 

W = *000737^ 

where TF is the difference in ^vater level in inches produced in 
a water gauge, and V is the wdnd velocity in miles per hour. 

In measurements of the highest refinement allowance ought 
to be made for the variation in the density of the air, but for 
the estimation of wind force such a co^Tection would be beyond 
the practical limits of accuracy. 

In recent 3’'ears the recording of the wind by the pressure- 
tube anemometer has been greatly improved by adding appa- 
ratus for recording the direction of the wind upon the same 
drum. The original design of this addition, like that of the 
original apparatus for rccoi’ding the velocity, is due to Mr. W. H. 
Dines, F.R.S. Recently new mechanism for actuating the 
direction-gear has been introduced into the official specification 
and a new form has been given to the vane of the recorder in 
order to promote its immediate alignment with the direction of 
the wind. The instrument in this form gives a remarkably 
interesting picture of the changes in the wind, not merely of 
its mean force and direction but also of the fluctuations in 
both . elements which express w’hat has come to be known as 
the gustiness of the wind. 

0 2 



The Beattpobt >Soale of Wind-Foeob. 


S 

B 


Admiinl 

Beaafort's general 
rlcscnption of 

wind 


Admiral Beau fort s 
Spacilu atiun, lbO'>. 


Description ( Mode of estimatine 
Of lund aboard sailing vessels. 


Si 




0 


Calm . 


Calm . 


1 Light air 


Just sulhoieiit to give 
steerage w ay 


2 Slight breove 


3 


Gentle bree/e 


4 J^roderate 

breeze 


g:: CO 

$ 

o § g.'S 
S'S'^-2 

o s ^ 




1 to 2 
knots 


3 CO 4 
knots 


5 to 6 
knot's 


Light 

breeze 


JModei'ato 

breeze 


o Fresh brec/o 


6 


Strong bree/(‘ 


7 itoderate 



S Fresh gale 
(Ga?ey 

9 Strong gale . 



Eioyals, etc. 


Single - reeled 
topsails or 
to}> - gallant 
saik 

Double - reeled 
to2>toai]fi», jib, 
etc. 


\ 


ySlrnne: 
f wind 


7 


Trii)lo - reefed 
toiJ-ails, etc. 

Close-reefed top- 
sails and 
cour&GS 




iGale 
I forces 


} 


Sudicienc wind 
for working 
ship. 


Forces most ad- 
vantageous for 
sailing with 
leading wind 
and all sail 
drawing 


"Reduction of pail 
nceos'^ary with 
leading wind 


Considerable re- 
duction of sail 
necessary oven 
with wind 
quartering 


10 


11 


Whole gale 


Storm 


That which she could 
scarcely bear with 
close “ reefed main 
topsail and reeled 
fore'sail 

That which wo^ild 
reduce her to storm 
&tay-‘^ails 


\ 


Stoi m 
forces 


/ 


Close reefed sail 
running, or 
hove to under 
storm sail 


12 


Hurricane 


That which no canvas 
could withi^tand 


Hurricane 


No sail can stand 
©von when 
running 


1 The fishing smack m thi« column may be taken as representing a trawler of 
average xype and trim, laigcr or smaller boats, and for special circum- 

stances allowance must be made. 

3 It has recently been decided that for statistical purposes winds of force lc»3 
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Specification of Beaufort Scale. 

JSi; 

;rj:s 

•St 

si”’?® 

2 5 

6 g»s D 

For coast use, bahcd on 
observations made at Scilly, 
Yarmouth and Ilolyhoad.'’ 

Forusf* on land, Iwsed on 
obbPi'vntioiis made at band i 
Stations. 

I|li€ 

ttliS 

Calm .... 

Calm ; smoke rises 
vertically 

0 

0 

Fishing smack^ just has 
steerage way 

Direction of wind 
shown by smoke drift, 
but not by wind 
vanes 

•01 

2 

Wind fills the sails of 
smacks, which then 
move at about 1 — 2 
miles per hour 

^yind felt on face ; 
leaves rustle ; ordin- 
al^” vane moved by 
wind 

•OS 

5 

Smacks begin to careen, 
and travel about 3 — 4 
miles per hour 

Leaves and smaU twigs 
in constant motion ; 
wind extends light 
hag 

•28 

10 

Good working breeze; 
smacks carry all 
canvas, with good list 

Eaises dust and loose 

1 jjuper; small branches 
are moved 

•67 

15 

Smacks shorten sail 

, Small trees in leaf begin 
to sway ; wavelets 

1 form on inland waters 

1-31 

21 

Smacks liave double 
reef in mainsail. 
C’aro lequircd when 
fishing 

1 Largo ^ bi-anches in 

1 motion ; whistling 

1 heal’d in telegraph 

wires ; umbrellas 

used with difficulty 

2-3 

27 

Smacks remain in 

harbour, aud those at 
sea lie to 

1 Whole trees in motion ; 
inconvenience felt 

when walking against 
wind 

3-6 

35 

All smacks make for 
harbour, if near 

1 

Breaks twigs of trees ; 
generally impedes 

progress 

0*4 

42 


Slight structural 
damage occurs 
(chimney pots and 
slates removed) 

7*7 

50 


Seldom experienced in- 
land ; trees uprooted ; 
considerable struc- 
tm’ol damage occurs. 

10*5 

59 


Very rarely experi- 
enced ; accompanied 
by wido - spread 

damage 

14’0 

03 



Above 17*0 

Above 75 

• 


than 8 shall not be counted m gales, and to avoid the ambiguity implied by the 
use of the term “moderate gale’ for force 7 the Beaufort descriptiou has been 
modified for use in connection with the daily weather service by the substitution 
of the description in italics for forces 7 and 8. 
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The com])lete Bet of wind formul© are here collected : 

llobineon aiiemonieter, standard size, factor 2*2. 

„ ,, portable size, factor 2*8. 

Pressure tube graduation . . . ]V= ■ 00078 F^. 

Wind-pressiu’e and wiiid-relooity . . p = ’003 T®. 

AVind-prossure and Beaufort numbers . P = ’OlOo^. 

Wind- velocity and Beaufort numbers . V = V IP. 

The units are the inch of Avater, the i)0uud AV(‘ight per S(iuare foot, and the 
mile per lionr. 

Using the forinulse given above and the table of mean values 
of the equivalents given on pp. 20, 21 the numbers have been 
obtained for specifying the limits of velocities in miles per hour, 
metres per second, and feet per second, corresponding with the 
several numbers of the Beaufort scale. They are given here. 


JScaufoit 

Number. 

Statute Miles ' 
per lioiir. 

Nautical Allies 
per hour. 

Feet per second. 

Metros por second. 

0 

Less tlian 1 ' 

Less than 1 ' 

Less than 2 

Less than 0*5 

1 

1—3 

1—3 

2-0 

o-j— l-o 

2 1 

4—7 1 

4— G 1 

G— 11 

2—3 

3 

8—12 

7—10 

12— IS 

3*5 — 5*5 

4 

13—18 

11—16 

19—27 

6—8 

5 

19—24 

17-21 

28-36 

8*5- -10-5 

6 

25—31 

22—27 

37—46 

11—14 

7 

32—38 

28—33 

47—56 

14*5— 17 

6 

39—46 

34-40 

1 57 — 68 

17*5— 20*5 

9 

47—34 

41—47 

69—80 

21—24 


5d — 63 

48—55 

' 81- 93 

24*5—28 

11 

64 — 75 

1 56-65 

1 94—110 

28*5—33*5 

12 

^ AboA'^e 75 

Above 65 

Above 110 

34 or above. 


The table on pp. 20 and 21 gives the revised specification of the 
various numbers of the Beaufort scale for an anemometer with 
its vane at 30 feet above ground. 

At the present time the Beaufort scale is less dominant than 
it used to be. Those who are interested in gunnery have for a 
long time been accustomed to deal with wind velocities in feet 
per second, and among naval officers there is a tendency to refer 
all velocity to miles per hour, either nautical miles or statute miles. 
For this reason the entry of the wind in Beaufort scale in the 
tables of the Daily Weather Report is translated into statute 
miles per hour in the map. 
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Pig. 4— Eetbcecl tacsinvlc ot the Daily ‘Weal hei ■Repnil CBiiii'-li Section) ol 
Octobei 1, 11)21. 
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DAILY WEATHER REPORT OF THE METEOROLOGICAL OFFICE, LONDON 
IMTERNATlONAL SECTION ;Sat«pJ>a,y, 
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Fig. 6.— Reduced lacsimilc of the Daily Weather Repoit (International 
Seciion) of October 1, 1921. 














AIR mWISTRY. 


OA.LY WCATHER REPORT Or THE frETfOfiOLOClCAL OFFICE, LONDON 


IINItK^T IIUNAL acuiivrt 



joree on the weather of the 24 hours ended 7h to-day 


The tntle/rlona still Tnalntalned Its position with the hlgosst pressure OTjer 
Ce»*Ual Europe end the baroireter iras rising egain In Iceland. '' A depression SorWi 
of 1 le A 20 T'«a growine aeoper while prs=sare was dlnlnlshlng over the British 
Isles ► Pair fine weather with light ^Jrds and so-^e mist or fc^ prevailed over 
Ceritrel a’^d Sojihein Europe hut rain or ajpot fell in .cendlravla with strong squally 
Sou«h to ?les^ -linda. Ac much as 28 m. of rain foil at Ploro, but anall anounts 
elaewhero, 5 jiutt at Madeira. Temperature rose to 84° at llmassol, 82® at Candle and 
Bl® at DUrritz but did not greatly exceed 50° In the Hoptli, 50° balT^tf the maximum 
at Conenhagen end 52° at Skagen, hantsholm ard Bornholm. The previous night was 
COM inland, nlld on the Coast, the IcTesi screen readings being 31° at ^Ifort, 

33° at Soutn Farnborough 34° at OJesvaer and 35° al Ross-on-Wye and Benson 


IflSW w SuEen TIO* — Tla rapti h lui b| poB is Wf iMna (• Iht UiW Dgidaai nn puifwai e/ robBoiej nUsT'ptien (— 

iC&pvqiarH lirsllcfan, pvutr tn; IMBWU, ^ pw^HWur In BBtpul 

&i^..epia>llB7»flhBNpDruewi b BbtaMulhBifatn«ttlBCiuiOfiei,At Uiiacrp Kbgrvip Uado> pries id HriL 
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THE DAILY WEATHER REPORT OF THE METEORO LOGICAL 
OFFICE IN 1921 

The changes which have been introduced into the Daily 
Weather Report since 1910 are many and not altogether easy to 
follow. The first change was the substitution in 1911 of the 
“ barometric tendency,” that is to say, the change of pressure 
within the three hours preceding the time of observation in lieu 
of the temperature of the wet-bulb. In 1912 tliere was a meet- 
ing of the International Commission for Weather Telegraphy 
which proposed other changes in the international code for the 
exchange of weather messages. The changes were approved at 
a meeting of the International Meteorological Committee at 
Rome in 1913, and adopted for the Daily Weather Report on 
January 1, 1914 ; and the occasion was utilised to introduce a 
more effective method of ifiotting the observations on the map. 
Under the new arrangement a small circle represented the position 
of the station, a line drawn up to it, the direction of the wind ; 
the force of the wind on the Beaufort scale was indicated by a 
corresponding number of feathers to the wind-arrow, a circle 
surrounding the station’s circle indicating calm. The letters, 
which indicated the state of the sky and weather were omitted 
from the charts and the state as regards cloudiness indicated by a 
number of vertical strokes across the circle, one for one-quarter 
clouded, two for one-hall’, three for three-quarters, and four for 
overcast. When it was raining the station's circle was replaced 
by a smaller black dot ; when it was snowing, by a star, and when 
it was hailing, by a black triangle. "Wlien it was foggy three 
horizontal strokes replaced the circle. The temperature was 
written in figures. The method of representation was adhered 
to tlirougliout the war and until after the close of 1918. With 
April 1, 1919, the practice of Laving separate sheets for British 
observations, for observations from overseas, and for observations 
of the upper air came in, and with it the extension of Britisli 
observations on clouds and some modifications of the practice o[ 
charting, of which the most noticeable is the entry of wind- 



24 


FORECASTING WEATHER 


velocity in miles per lioux within the station-circle. This was 
called lor by the report that in the Navy wind-velocities were 
always required in miles per lioiir and that the force on the 
Beaufort scale had little significance for modern ships. 

At the same time the infonuation was expanded to take account 
of observations every six hours of 100 varieties of present and 
past weather, the observations of visibility and all the other 
details which, by a remarkable tour de force on the part of the 
Supreme Council, were embodied in the Treaty of Versailles. It 
is probably the first occasion on which the course of scientific 
study of weather has been ordained by direct political action. 

The full effect of the changes which have been introduced into 
the Daily AVeather Report since 1910 may be understood by 
comparing the facsimile reprint of that for Saturday, October 1, 
1921 (Figs. 4, 5, G) with the previous one of Pig. 3. 

Page 1 of the British Section (Fig. 4) gives the observations at 
official British stations at 1300 G.M.T. and 1800 G.M.T. (1 p.m. 
and 6 p.m.) of the previous day : observations for nine stations 
within greater London, comprising measures of atmospheric 
pollution at Richmond and South Kensington, total solar radiation 
at South Kensington in joules, and its average and maximum rate 
in milliwatts, the duration of the photographic record of Polaris 
and of S Ursse ]\linoris at the Royal Observatory, Greenwich, a 
table of sunrise and sunset at Greenwich, Yarmouth, Wick and 
Valencia (Ireland), the Beaufort notation for weather, the equiva- 
lents of the Beaufort scale of wind-force, and the follow’’ing : — 

Scale for Sea-disturbance at Coast Stations. 

0. No swell. Calm or 3. No swell. 

1. Jloderate swell. ^ slight 4. Moderate swell. ( 

2. Heavy swell. ) sea. 5. Heavy swell. ) 

6. Rather rough sea. 

7. Rough sea. 

8. Very rough sea. 

9. Mountainous sea. 

Similar observations are given on the fourth page for 0100 
G.M.T. and 0700 G.M.T. (1 a.m, and 7 a.m.). In these observa- 
tions 'pressures are given in millibars ; barometric tendency^ the 
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change of pressure within the three hours previous to the obser- 
vation, in half-millibars ; humidity, the results of the wet and dry 
bulbs, which had been omitted after 1911, has been restored in the 
form of relative humidity. Four columns are assigned to the 
form and amount of cloud, divided into low cloud and high cloud, 
and an additional column gives the height of low cloud. Sea 
disturbance comes in as before, with the scale given on page 21. 
Visibility is given according to the following scale : — 

Scale of Vxstbiutv. 

0. Dense fog. Objects not visible at 50 metros, or 55 yarrls. 

1. Katlier thick fog. Objects not visible at 200 metres, or 220 

yards. 

2. Very bad. Objects not visible at 500 inotres, or 550 yards. 

3. Bad. Objects not visible at 1,000 metres, or 1,100 yards. 

4. Very poor. Objects not visible at 2,000 metres, or 1-2 miles. 

5. Poor. Objects not visible at 4,000 metres, or 2*5 miles. 

6. Indifferent. Objects not visible at 7,000 metres, or 4-3 miles, 

7. ^ Fair. Objects not visible at 12,000 metres, or 7-5 miles. 

8. ^ Good. Objects not visible at 30,000 metres, or 18-6 miles. 

9. ^ Very good. Objects visible at 30,000 metres, or beyond. 

On the fourth page, besides the term-observations at 0100 
G.M.T. and 0700 G.M.T. at the official stations, we find the 
observations at health resorts in their accustomed place. 

On the third page is a map of the region of North-Western 
Europe, extending from the Mediterranean and the Azores to the 
north of Iceland on the scale of 1 ; 10,000.000, the customary 
scale of the working charts of the office, with two insets repre- 
senting weather, temperature and cloud over the British Isles. 
On the second page we have summaries of weather, temperature, 
rainfall and sunshine for the twenty-four hours preceding 
07 G.M.T., and another inset map, which gives the ‘‘ isallobars ” 
computed after the fashion explained in Chapter XXII., and the 

1 In 1922 the scale for visibility at greater distances was altered and 
became — 

6. Moderate. Objects not visible at OJ miles. 

7. Good. Objects not visible at 12 J miles. 

8. ’Very good. Objects not visible at 31^ miles 

9. Excellent. Objects visible beyond 311 miles. 
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remaining space is devoted to General Inference, Forecasts and 
Further Outlook. 

In the tabular summary on the second page the details of the 
weather are expressed hy a series of letters of the Beaufort 
notation (amplified for the purpose) which may run into two 
dozen instead of the half-dozen, at most, that appeared in 1910. 
The minimum temperature on the grass is given : rainfall is 
reported in two separate portions, day-rainfall between 07 G.M.T. 
and 18 G.M.T. and night-rainfall between 18 G.M.T. and 07 
G.M.T. the next morning ; two columns are assigned to the 
times at which the rain is observed to begin. Altogether, sixty- 
eight columns are now provided for the observations from each 
station, fifty-six for term-observations and twelve for observations 
referring to the twenty-four hours, in place of the nineteen columns 
of 1910, which were made up of fourteen term-columns and five 
day-columns. 

As there are forty-four stations the number of spaces for 
observations from the British Isles alone works out at only eight 
short of 3,000. Though aU the spaces are not filled and are not 
expected to be filled there are the additional observations for 
London and the health resorts to be added, as well as the obser- 
vations in the Upper-Air Supplement (Fig. 5), so that the amoimt 
of material to be mapped is vastly greater than it used to be. 

At the same time more detail is expected in the forecasts. The 
British Isles are now divided into twenty districts instead of 
twelve and we begin with England S.E. now instead of Scotland N. 
The new enumeration of the districts is given in Fig. 59. Some 
advance has also been made in the practice of forecasting, for on 
September 26, 19'21, the further outlook was successfully extended 
to ten days ahead. 

Next to the British Section we may place the Upper-Air Supple- 
ment (Fig. 5), which provides space for plotting the results for 
the winds at various levels up to 14,000 feet obtained by means of 
pilot-balloons at nineteen stations (more or less) with maps for 
charting the values at 1,000 feet, 3,000 feet and 6,000 feet, three 
times in the day— on the morning of the day, and the afternoon 
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and evening of the previous day — and also for charting low cloud 
for the four term^hours and the high cloud, for morning and 
previous afternoon and evening as before. On the second page 
space is provided for observations of temperature (dry and wet 
bulb) and relative humidity in the upper air at six stations, and 
the values are plotted as graphs of height-temperature on a form 
which always shows the values of the dry adiabatic lapse-rate of 
temperature and the normal values of the lapse for summer and 
winter and for cyclone and anticyclone. 

Of the four pages of the International Section (Fig. 6) the inner 
two are devoted to maps on the scale of the chart for 7 a.m. of 
1910, namely, 1 : 2 x 10^, but there is no longer a separate chart 
of temperature and weather. There are charts for 07 G.M.T, 
of the day of issue and 18 G.M.T. of the previous day, which fill 
the whole page with the exception of the north-west comer, where 
an inset gives the observations which are available for 13 G.M.T. 
and 01 G.M.T. The forms of the charts have been subject to 
progressive changes, but the final form will be understood from 
the facsimile report. The area represented is very extensive. 
It includes Spitsbergen in the north, the Mediterranean and 
Madeira in the south, the Azores and Greenland in the west 
and Western Russia in the east. 

On the outside pages are the observations from the Continental 
stations very much in their old form, and on the fourth page 
space is found for wireless reports from the Atlantic, which run 
to seventeen columns instead of the eleven of olden days, and also 
for a table of upper air-temperatures and upper air-winds from 
abroad. 

The areas covered by the new maps are represented on a map 
of the distribution of pressure and winds over the northern 
hemisphere in July (Fig. 11). 

Radio-telegraphy is now generally used for exchanging the 
observations between dilferent countries. The nmnber of 
occasional blanks is at present much larger than it used to be, but 
gradually the system is being tuned up to the efficiency of the old 
cables for the purpose of exchanging weather reports and by the 
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time the process is complete the general distribution to all the 
offices of Europe will he much improved. 

The information wliich is supplied by the telegraphic reporting 
stations to the Central lleteorological Office of the Air Slinistry in 
Kings way is distributed from there by radio- telegraphy for the use 
of the officers in charge of the meteorological stations at the aero- 
dromes of the Ministry. The reports from foreign stations are also 
received at the Meteorological Office by radio-telegraphy. Selec- 
tions from the European reports, together with other information, 
arc sent out by radio-telcgra])liy from the Eiflel Tower and other 
stations. British and foreign, to be received by local meteorological 
establishments and shi])s. 

The facilities fur listening in ” for these messages are becoming 
more and more widespread so that now any reader of this book, 
who possesses a radio-set, or has a friend in that enviable position, 
may put into practice the system of forecasting which is its subject. 
This development brings the material of forecasting to every- 
body’s door or at least to everybody’s roof. We are constrained 
therefore to ask the reader to endure some tedious details which 
he may amjdify at his pleasure by consulting the official papers 
issued with the express object of putting him in possession of 
the necessary information : this includes the times at which the 
various messages are broadcasted, the wave-length and other 
particulars, as w^ell as the nature of the messages transmitted, and 
the codes employed. The details of agreement as to the inter- 
national code will be found in M.O. 248, Report of the Eleventh 
Ordinary Meeting of the IiitcruMtional iMcteorological Committee, 
London, 1921,” Appendix VL, and the following papers based 
upon the agreement liave been issued : M.O. 253, “ The New 
International Code for 3Icteorological Messages ” ; M.O. 252, 
“Particulars of Meteorological Reports issued by Wireless 
Telegraphy in Great Britain and by the Countries of Europe and 
North Africa,” and M.O. 255, Meteorological Office “ Wireless 
W eath er Manual. ’ ’ Here we recajhtulate the forms of the various 
messages and the codes used for transmitting them. 
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THE DAILY WEATHER REPORT OF 1921-1922: FORiVLS OF 
MESSAGES AND CODES FOR TRANSMISSION 


Fihpt of all it is obvious that many new elements have to be oodetl 
and the symbolism becomes highly complicated ; we therefore begin 
with a list of the algebraical symbols now in use. 


The Symbols used in the Messages, atikanged in Alphabetical 

Order. 


A 

a 

BB 


BiBiB, 


b 

C 


Cl 

c 

DD 

dd 

d 

d, 

P 


GO 

H 

h 

Hi 

hi 

K 

K' 

L 


= form of predominating cloud lowest in the scale of cloud 
forms. 

=5 form of predominating cloud highest in the scale of cloud 
forms when more than one iy ])0 of cloud exists. 

= barometer in millibars and tenths (initial 0 or 10 omitted) 
or in millimetres aiid tenths (initial 7 omitted). 

= barometer in wliole millibars or Avhole millimetres (initial 
9, 10 or 7 omitted). 

For upper air reports of pressure, temperature and 
humidity, BB is in whole millibars with the hundreds 
ilgure omit led, whether this is 9, 8, 7, 6 or 5. 

= barometric pressure in whole millibars in the upper air at 
the level of an inversion. 

= amount of barometric Iciidcncy in the three hours pre- 
ceding the time of observa(ioii. exprc&scd in lialf- 
inillibars or half-millimclroN. 

— form of predoiniiialing cloud according to the scale of 
cloud forms when only one form is rejioiied, as from ships 
at sea. 

= form of cloud observed by iiephosoope for sjjccial cloud 
reports. 

=. characteristic of barometric teiidoiicy during the period 
ot three hours preceding the time of observation. 

= direction of the u iiul noai" the ground on tlic 'scale (01 — H2). 
= direction ol the uliul in the iijipcr air on tlic scale (01 — JIG). 
= direction from uliich the Ruell conics on scale (0 — 8). 

= direction of movemeiiL of ship on scale (0 — 8). 

= force of the wind on the Beaufort scale. 

Forces above 0 reported as 9 in telegrams with the 
actual force in a word at the end, lorco 10 is reported 
at the end as ‘‘ storm ten,"’ force 11 as ’* storm cloven.” 
Ships at sea, however, report ‘‘gale ten,” “storm 
eleven,” “hurricano twelve.” 

= Greenwich time of observation (01 = 1 a.m., 12 = noon 
G.M.T., 24 = midnight G.M.T.). 

= relative humidity of tlic air. 

= height of base of lo\vest cloud present . 

= heights at which upper air -temperature and humidity are 
reported. 

= height at which upper wind is reported. 

= the characteristic of the SAvell in the open sea. 

= amount and characteristic of barometric tendency 
expressed by a single figure. 

= amoimt of sky (scale 0 — 10) covered by cloud of form “A ” 
and of all forms of the same layer as “ A ” if “ a ” refers 
to a different layer. 
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LLL = latitude in degrees and tenths, the tenths hoing obtained 
by dividing the number of minutes by six and neglecting 
the remainder. 

Ill = lojigitude in degree*? and tenths, as for latitude. 

MM = the iiiaYiiiium iemperatiire in llie ijitorval of eleven hours 
ending at 18 h U.M.T. (or at one of the hours 01 h, 07 h, 
13 h, 18 h, G.M.T., following not less than four hours 
after noon, local time). 

mm = the minimum temperature in the interval of thirteen hours 
ending at 7h G.M.T. (or at the hour thirteen hours after 
the time of reporting the maximum temperature). 

K = total amount of skj’^ covered with cloud. 

P = day of the -week. 

Q = quarter of the globe in which a ship is situated. 

RR = rainfall in whole millimetres. 

r = time of coiumcncement of rainfall (precipitation). 

S = the state of the sea and swell. 

TTT = temperature of the air in degrees and tenths, Falirenhoit 
or Centigrade. 

TT = temperature of the air in whole degrees Fahrenheit or 
Centigrade. 

ttt = temperature of the sea (sm-face-water) in degrees and 
tenths, 

tt = temperature of the bca (surface-water) in whole degrees. 

tjti = increase of temperature at an inversion ; in degrees. 

V = visibility or distance at w'hich objects can be seen in 

daylight (or at which lights can be seen at night). 

V = visibility at sea from ships at sea. 

Vb at coast stations only = visibility tow^ards the sea. 

VV = the relative speed of clouds as dolcrmincd by the nepho- 
scope and such that if ‘‘ h ” is the height of the cloud in 
metres, then the actual speed “ vv in kilometres per 
hour is obtained from the equation 


VV = 


h 

1000 


X VV 


w = speed of the wind in the upper air in kilometres per hour. 

W = the weather in. the interval since the preceding time of 

report: this interval is five, six or seven hours for 
stations reporting four times daily, 
ww = the actual weather at the time of observation, with which 
is combined, whenever possible, the general character 
of the weather. 

2 , etc. = check figures obtained by adding the first four figures 
of the group, and taking the units figure of the sum 
so obtained. 

yi*y 2 »y 8 »y 4 = check figures obtained by adding together the first, 
second, third or fourth figure of each of the preceding 
groups and taking the units figure of the sum. 
z = key figure obtained by adding together all the x’s or all 

the y’s and taking the units figure of the sum. 

Having thus enumerated the various items of information of which 
the messages may be made up, we may proceed to consider the forma 
in which the items are arranged. 

The form of message a^eed upon by the International Commission 
for Weather Telegraphy in 1920, and, with minor alterations, adopted 
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l>y tlin TntPrnational Meteorological Committee in September, 1921, 
is set out thus : — 


Repouts pbom Land Stations. 

In place of the four groups for a morning re^iort preceded by two 
for the previous evening the basic form of message at any one of the 
term hours expressed in symbols is now : 

BBBDD PwwTT obWVH ALaNh 
To these four an additional group is added twice daily as follows ; — 

For inland stations ; 

RRininr for reports at 0700 G.M.T. 

BlLM^lr for reports at 1800 G.M.T. 

For coast station^ : 

RRSV^r for reports at 0700 and 1800 G.M.T. 

Further, from certain selected stations, groups reporting the direction 
of motion and relative speed of the clouds are added in the symbolic 
form CiddVV. 

The symbolic form of the reports of upper wind is hjddvv, and for 
upper air-tomperaiure and humidity BBTTH. 

Inversions of the lapse-rate ^ of temperature are reported at the end 
of the me.ssage by the addition of the groups 00000 BiBiBititi where 
BiB^Bi is the pressure in millibars at the level of the inversion and 
tjtj is the iucroaso of temporaturo at the inversion in degrees. 


Reports by Rauio-telegrapiiy from Ships at Sea. 

As recommondod by the Commis'^iou for Maritime Meteorology in 
September. 1921, it was agre(‘d that the ordinary message from a ship 
should cousibi of two parts : tlie first a uuiversad part which would be 
common to all services, and the second a national part arranged by 
the various countries to meet tlieir special needs. 

For the present wo are concerned only with the universal part of 
the message for which there are t\^o alternative forms according as 
it may be decided to include additional hgores to be used for checking 
the accuracy of the traiismihbion or to topense with them. Check* 
figures (indicated in what follows by x, y, z) are figures derived from 
numerical operations on the original code -figures of the observers' 
message, by which a clue is given to the detection and correction of 
errors. 

The basic iorm of the mesbage expressed in symbols is : 

PQLLL. llKrG BBDDF wwVKd (without check-figures). 

QLLLXi PlllXa BBDBXg FVKdx, wwGGxg yiy 2 y 3 y 4 Z 

(with check-figures x, y, z). 

Thus the check requires two groups to be added to the message. In 
the message whore the check -figures x, y, z are used, live check- 
figures (x) in five groups and one group solely of check-figures 

^ Lapse-rate of temporatuTc means the rate of fall of temperature with height 
os determined by observations of temperature in the upper air. Au inveimon 
of the lapse-rate means a change from ordinoiy condition of fall of tempera- 
ture with height to uniformity or rise with height. 
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(yjy^yjjyiz) provide a ohock on twenty ohservatioii-fit^iires in five 
iiron’iW 111 oacU of those five groups Xi is the di^rit of units’ place 
in the Ruiii of llio i^lliov fij^urcs in the "roup. The are i.he digits 
of the uni I s' plac ‘0 in the sums of the columns of the five observation - 
groups written one under the otlier, and z is the digit in the units* 
jilaec of (he .sum of (lie \'.s. 

Other groups may l )0 added as follows : — 

For a messaftc in niilliinetre-Centigrade units CXTTT Wrttt 
For a message in millibar -Fahrenheit units OsTTd^ WrttK 


T^oside.s the messnges from land stations and ships there are also 
special reports for aviation intended to give information to pilots on 
estahlislied air-routes. Tho.Ke, however, are not published in the 
Daily AVeather Keport and do not therefore come within our iirescnt 
piu'pose. 


CoDKS von Kkport.s. 

For these messages a large number of agreed codes are required ; 
they are as follows : — 


1. Code fou Bakometer ; Surface Ob.servation. BBIJ. 

The reading of the barometer corrected for index: error, tempera- 
ture, and gravity, and reduced to sea-level, in millibars and tenths 
(initial 0 or 10 omitted) or millimetres and tenths (initial 7 omitted). 


2. Code for Amount of Barometric Tendency, b. 

Taken from the barograph (half millibars) per tlirec hours, if less 
than 10 the figure itself is reported whetlier the leudeiicy be up or 
down. 

If the figure taken from the barogi-aph be one of the numbers 10, 
11 . . . 19, the second cypher is reported and the wind-direction 
modified by adding 33. 

If the figure taken from the barogra])h be one of the numbers 
20, 21 . . . 29, the second cypher is roi^orled and the wind-direction 
modified by adding 67. 

If the figure taken from the barograph is greater than 29. report 
the figure 9 and add 67 to the wind-direction number, i.e.. numbers 
gi’cater than 29 are reported as 29. 


3. Code for Characteristic 

0 Steady or rising 

1 Rising, then steady . 

2 Rising, then falling . 

3 Falling or steady, then rising 

4 Unsteady but rising . 

5 Falling .... 

6 Falling, then steady . 

7 Falling, then rising 

8 Steady or rising, then falling 

9 pnsteady but falling . 


V Barometric Tendency, c. 

. I The baromeler is now liigher 
. • than, or the same as, three 
. I hours ago. 


The barometer is now lower 
than three hours ago. 
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4. Code for Barometric Change when- only 0\e Figure is 
USED for Amount and CiiAKACTERisnc. K'. 


0 

1 

2 

3 

4 

5 

6 

7 

8 


Baromo(ev steady . 

,, lising slowly . 

rising . ' . 

,, rising quickly 

,, rising very rayidly 

,, falling slowly . 

falling . " . 

,, falling quickly 

„ falling very rajiidly 


( h ui^o 111 ]n«<t tliico 
lioiii't in hnir inilliUais. 

0 or 1 
2 ov 3 
•1 to 7 
8 to 12 

^lore Ilian 12 
2 or 3 
4 to 7 
8 to 12 
More than 12 


r». Code for AYind-dtrection. DD. 

The code set out on ]). 13 is used if the barometric tendency is 9 
or less, but if the amoimt of the barometric tendency is greater lliau 
9 and loss than 20, 33 is added to the niiiiibor used for reimrling 
wind -direct ion, and if llie amount is 20 or more, the number 67 is 
added to tlio number hitherto used for reporting wind -direction. 


6. Code for Wind-force, F. 

The Beaufort scale (p. 20). The words •’ storm 10,” “storm 11,” 
“ storm 12 ” are added when the force is greater than 9. 


7. f’ODE FOR Present Weather, ww. 


From the table below the first phrase which describes the jireseiit 
weather conditions is to be selected by the observer. 

Code No. 

I Line squall, with hail . . . . . .99 

„ without hail . . . .98 

Heavy thunderstorm uith hail (with gale) . . 97 

„ „ without hail (with gale) . . 9(5 

„ „ with hail (without gale) . . 95 

., „ uilhout hail (without gnlo) . 94 

iModcrate thunderstorm uith hail . . . 9,3 

,, „ without hail . . .92 

Slight thunderstorm with liail . . . .91 

„ „ without hail. . . .90 


Thu 11- 
dcr^fioi n? 
Or Live 
Squalh 


C Heavy continuous . . . .89 

„ occasional ...... 88 

„ but decreasing . . . . . .87 

Bail or Aloderate but increasing . . . .86 

JRain „ continuous . . . . . .85 

and yt occasional ... . . 84 

Bail. ,, but decreasing . . . 83 

Slight but increasing . .82 

,, continuous ..... 81 

„ occasional , . -110 


P.W, 
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Slref or 
Bain 
and 
Snoio 


' Heavy continuous 
„ occasional 

but decreasing . 
^roderale but increasing 
,, continuous . 
„ occasional 
,, but decreasing 
Slight but increasing . 
„ continuous 
„ occasional . 


CJoilc Xo 
. 79 

. 78 

. 77 

. 76 

. 75 

. 74 

, 73 

. 72 

. 71 

. 70 


Snow or 
Snow 
and 
Hail 


Heavy continuous 
„ occasional 
„ but decreasing . 
Moderate but increasing 
„ continuous . 
„ occasional 

but decreasing 
Sliglit but increasing . 
,, continuous 
„ occasional . 


69 

68 

67 

66 

65 

64 

63 

62 

61 

60 


Rain. 


r Heavy continuous 
„ occasional 
„ but decreasing . 
Moderate but increasing 
„ continuous . 
„ occasional 
,, but decreasing 
Slight but increasing . 
y, continuous 
„ occasional . 


69 

58 

57 

56 

55 

54 

53 

52 

51 

60 


JDrizsle. J 


Thick continuous. 

„ occasional . 

„ but decreasing . 
IHoderate but increasing 
„ continuous . 
„ occasional 
,, but decreasing 
flight but increasing . 
„ continuous 
„ occasional . 


49 

48 

47 

46 

45 

44 

43 

42 

41 

40 


Heavy, with snow . . . . . .39 

„ sleet. ...... 38 

„ hail, or rain and hail . . . .37 

„ rain, becoming worse . . . .36 

Passing , „ rain ....... 35 

Showers.^ ., rain, becoming better. . . . 34 

Slight, with snow 33 

» Bleet 32 

,, hail, or rain and hail . .31 

. »» rain ! . 30 
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’ For some time be- 
coming thicker 
For some lime with- 
out change 
For some time be 
coming thinner. 

intermittent . 

Just begun 


( and apparently overcast 
but clear in zenith 
r and apparently overcast 
i but clear in zenith 
( and apparently overcast 
I but clear in zenith 
( and apparently overcast 
( but clear in zenith 
{ and apparently overcast 
j but clear in zenith 


Codr Vo 
. 29 


Cloudy 
or Over- 
east 
(Cloud 
6 - 10 ) 


Fine or 

(Cloud 

0 - 5 ) 


r After thunderstorm 
With or after thunder and Iigli tiling in u( 
After snow, sleet, or hail 
Alter rain or drizzle 
After fog or mist (or dust storm) . 
With solar or lunar halo 
Precipitation within sight 
Cloud increasing .... 

No apparent change 
[ Cloud decreasing 

r After thunderstorm 
I With or after thunder and light ning in n( 
After snow, sleet, or hail 
After rain or drizzle 
After log or mist (or dust storm) . 
With solar or lunar halo 
Precipitatiou within sight 
Cloud increasing .... 

No appaient change 
1 Cloud decreasing 


eighboiirhood 


ghbourhood 


In order to connect this code with the weatlier as shown by the 
Beaufort letters, the present weather code may be abbreviated into 
the following table : — 


Present AVeatiier Code, Symbolic Version. 


2 

3 

4 


0 



7 

8 

0 

tc/s(li) 

bcbl 

bc/tir 

CO/ Mil) 

cotl 

lotlr 

Ifo 

fb 

fo J 

PH 

PUS 

Pb 

D - 

D 

DD 

It - 

R 

RR 

S - 

b 

bS 

Us - 

US 

RSRS 

U(R) - 

!l(K) 

RHRH 1 

TLllH ^ 

KQ 

KQU 


A solidus (/) such as occurs in the combination “ bc/r ” separates 
weather at the time of observation Irom the preceding weather, bc/r 
thus indicating fine or fair after rain or di’izzle.'* Continuity is 
indicated by repetition and intensity by capitals, a suffix 0 meaning 
“ alight.** Thus rr means continuous rain. U heavy rain and light 
rain ; H- means incroatsing, and — diminishing, in intensity or amount. 
Thus B means snow becoming heavier. 

D 2 
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Individually the letlerb have the following meaninga 


b = fine, 
be = fair. 

0 = cloudy, 
d = drizzle, 
f = fog. 

h — hail. 

1 = intenniltent (occasional), 
j = adjacent (/.c., in vicinity 

of station). 


KQ — line squall. 

1 -- lightning, 
o = overcast, 
p =- passing showers, 
r = rain. 

B = snow, 
t = thunder, 
tlr = thunderstornu 

® = halo. 

^ = gale. 


The following additional loiters arc in use ; — 

e = wet air without rain falling, 
g = gloomy, 
in = niisl. 
q — - squally, 
u -= ugly, threatening 
V = extreme visibility, 
w = dew. 

X = hoar frost. 

y = dry air (humidity below GO per cent.), 
z = haze. 


8. Code for Past Weather. W. 


1 

Pair or fine (h or be). 

1 1 

Cloudy. 

Without precipitation , 

2 

Overcast continuously. 

1 ^ 

Fog or mist. 

( 4 

Thick fog. 


f 5 

Passing showers. 


6 

Bain or drizzle. 

Precipitation . . . | 

7 

Snow or sleet. 


8 

Hail or rain aud hail. 



Thunderstorm. 


In using this code the number should be taken which describes the 
most important feature of the past weather not already reported by 
the two figures for ‘‘present weather” and “general character.’’ 
This is usually the largest number of the scale appropriate to the 
occasion. 


Code Figure. 

9. Code for Relative Hu^ditt. 

Hel.'itlvc Humidity. Code Figure. 

H. 

Reintivo Humid it}'. 

0 

95 — 100 per cent. 

5 

50 — .59 per cent 

9 

90 — 94 „ 

4 

40 — 49 ,, 

8 

. 80—89 

3 . 

30—39 

7 . 

. 70—79 

2 

20—29 

6 

. 60—69 

1 

10—19 
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10. Code for Visibjlitt for Ships at Sea. v. 


The code tor viaibility on land is given by the numbers 0 —9 of tho 
scale of visibility on ]). 25. The horizontal visibility lor ships at 
sea is given by the Agures 0 — 9 ol tho following scale : — 


Code dumber. 

0 = Dense fog . 

1 = Thick fog 

2 = Fog 

3 = Moderate fog 

4 = Thin fog or mi'^t . 

5 = Visibility poor 

0 = A'’isibility moderate 
7 = Visibility good 
K = Visibility very good 
9 = Visibility exeexj- 
tional. 


objects not visible at 50 yards, 

1 cable. 

2 cables. 

^ mile (nautical). 

1 M 

2 miles 
5 „ 

10 „ 

30 

objects visible more than 30 ,, 


11. Code for Form of Cloud. A, a, C, or Cj. 


Code Number. 

Form of Cloud. 

Code Number. 

Form of Cloud. 

1 . 

. Ci. 

6 . 

. St.Cu. 

2 . 

. Ci.St. 

7 . 

. Nb. 

3 . 

. Ci.Cu. 

8 . 

. Cu. or Fr.Cu. 

4 

. A.Cu. 

0 . 

. Cu.Nb. 

5 . 

. A.St. 

0 . 

. St. or Fr.St. 

12. 

Code for Height of Base of Lowest Cloud, h. 


Height of Base of 

iicidit of Base of 

Code Number. 

Cloud (inctns). 

Cloud (feet). 

0 

0— 

50 

0- 150 

1 

50— 

100 

150— 300 

2 

100— 

200 

300— 600 

3 

200— 

300 

600—1,000 

4 

300— 

600 

1,000—2,000 

5 

600—1,000 

2,000—3,000 

6 

1,000—1,500 

3,000—5,000 

7 

1,. 500— 2,000 

5,000—6,500 

8 

2,000—2,500 

6,500—8,000 

9 

. , No low cloud. 

No low cloud. 


13. Code for Amount of JJainfvll. RR. 


For amounts of 0-7 millimetre or more report the amount to the 
nearest whole millimetre, e.g., 17-2 reported as 17. 

For amounts 0-1 to 0*6 use the following code : — 


91 


. 0-1 

97. 

Some rain, but not 
measurable. 

92 


. 0-2 


93 


. 0-3 

98. 

More than 90 milli- 

94 


. 0-4 


metres. 

96 


. 0*5 

99. 

Measurement impos- 

96 


. 0-6 


sible or unreliable. 
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14. Code for Time of Commencement op Rainfall (or other 


Code Number. 


Ko niiu. 
Kaiu bc»jui 


jwecipilalion), 


Xo ubsorvation. 


0 — 

1 — 

2 — 

3— 

4— 5 
6 — 6 
6 — 8 
8—10 
above 10 


1 hour before time of observation. 

2 liours 

3 

4 


15. Code for Characteristic op Predominating Swell, 


For Coast Stations (see p. 24). 
For the Open Sea. K. 


Code Number. 

1 1 Sea smooth ) 

2 to ; and 

3 I moderate ) 

4] 


7 ' Sea rough and 


/ No, or slight, swell. 
' Moderate swell. 

- Heavy swell. 

I Long low swell. 

\ Confused swell. 

/ No, or slight, swell. 
I Moderate swell. 

-I Heavy swell. 

I Long low swell. 

V Confused swell. 


16. Code for Direction op Predominating Swell, d. 


Code Number. 

0 



DlretUoii 
No swell. 

Code Number. 

5 


Direction. 

. s.w. 

1 

. 


N.E. 

6 


. w. 

2 . 



E. 

7 


. N.W. 

3 . 



S.E. 

8 


. N. 

4 



S. 





17. Code for Quarter of the Globe and Indication of the 
Unit of Pressure Employed. Q. 


Latitude. 

N. 


Code Nunil)cr. 

Lon^tude. 

For niillibais. 

1 

For niillimetrca. 

5 

N. 

! E.’ ! 

2 

6 

S. 

w. 

3 

7 

S. 

Tr_ j 'Ti j 

E. 

4 

8 


We have still to provide for certain abbreviated reports from 
Continental stations which are in the form : — 

BBDDF WjTTK'E for observations at 0700 G.M.T. 
and BBDDF WjTTK'W for observations at other hours. 

This requires a new co&e for reporting rainfall in the preceding 
twenty-four hours, R, by one figure and an explanation of Wj which is 
intended to represent present weather. The list of one hundred 
events which are numbered in Code 7 is reduced to one of ten events 
by using the first figure only of the former. 
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Code for Rainfall in the preceding Twentt-fodr Hour? : — 


Code Figure. 

0 . 

No rain. 

Code Figure. 

5 

10 to 15 mni 

1 . 

. Trace, or 0-J mm. 

6 

15 to 20 „ 

2 . 

. 0*2 to 2 iimi. 

7 

20 to 30 „ 

3 . 

2 to 5 mill. 

8 

30 to 50 „ 

4 . 

. 5 to 10 „ 

9 

Above 50 „ 


"We are afraid that the reader will feel emharrassed by the rich- 
ness of the information which is poru-ed into the columns of the 
Daily Weather Report in contrast with the meagre representation 
contained in pp. 11 to 10. The situation which confronts us is 
that of a computer who is faced with the solution of a number of 
simultaneous equations. The calculation is quite an exhilarating 
exercise when the number of variables is two ; it becomes rather 
tedious when a third variable joins with its equation ; when there 
are ten any ordinary computer recoils from the task, and when 
there are twenty he seeks some other occupation. 

As a step in the development of the science of forecasting the 
multiplication of data marks a fresh start ; the tendency between 
1860 and 1920 was rather to reduce them. When the drawing of 
weather maps began the full set of observations was telegraphed 
and the first conspicuous achievement of synoptic meteorology 
was to recognise the dominance of pre-ssure and wind. The 
importance of the other elements receded. The temperature of 
the wet bulb, religiously recorded, came to be entirely disregarded, 
and even the temperature of the dry bulb was of so little account 
that when we came to arrange for messages from Atlantic liners it 
was very difficult to make out a case for including temperature or 
weather in the message. The position of the point in the baro- 
metric situation was of more importance than the local experience 
of the moment. 

Now circumstances require great wealth of information, seven 
or eight thousand facts about the weather of a single day. 

It is to be hoped that the study of the multitude of facts will 
bring us some new generalisation which will economise thinking in 
the same way that the drawing of isobars did from 1800 onward. 
Until the material placed at our disposal is peptonised in some 
such way there is some danger of its causing indigestion. 

While this work lias been passing through the Press fiirtlier changes have 
taken place in the Daily Weather Eeport. Solar radiation has been omitted. 
Radio disturbances have appearedf and a code for the condition of the ground. 



CHAPTER II 

CLOUDS 

THE INTERNATIONAL CLASSIFICATION 

The introduction of the fonns of the varicms clouds into the 
daily reports of the Weather-Services brings the nomenclature 
and practice of identification of cloml-forms ^vitlun the inner 
region of the science and art of forecasting. It is a subject ^yhich 
I approach ^ri^h some diffidence because the accumulated 
experience of the last; fifty years leads me to feel that the fir&t 
stage in the clas^iricatinn of clouds has been passed and the new 
one which should succeed it has hardly arrived. 

The difference in the forms of clouds is one of the most strikin;i 
of natural phenomena, and it is curious that no systematic nomen- 
clature was adopted until Luke Howard, a London chemist and 
de^^OT:ed meteorologi-t. laid down the lines of classification in an 

Essay on the Modifications of Clouds/* published in 
During the nin^^teenrh century a good deal of attention was paid 
to the subject by the Hon. E. Abercnunby, Rev. Clement Ley, 
Mil. A. Eiggeiibach. H. H. Hildebrandsson, L. Teisserenc de 
Bort, L. R(ptcli. H. ilohn, and others. 

The Hon. R. Abercroinby called attention to the remarkable 
fact that the various types of cloud were common to the whole 
eaith, and in course of time an International Cloud Atlas was 
pTe]jared with reniurkably good illustrations in chroiuolithcgrajih 
prodiKed in Ziiiich. It soon went out of print and a new edition 
was prepared in 1910, which was again rapidly disposed of and 
is now unobtainable. It is upon the definitions of that atlas that, 
for the mn^T part, meteorologists rely. But other cloud-atlases 
or collections of cloud-photographs have been, produced with 
much more elaboration of nomenclature by J. Vincent (Brussels, 
19u9j, and A. M . Clayden (London, 1905), 
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The cla5isification of Vincent has been followed in cloud-atlases 
by Loisel (Paris, IDll ). and Taffara (Pome. 1917), while the 
international cla^-^^ifir ation has been adhered to by the United 
States Weather Bureau (Washington), by the Meteorological 
Office (London), and by G. A. Clarke (London, 192(1). 

The line of comment which the international classification seems 
to call for is that the subject really resolves itself into three parts : 
first, the identification and nomenclature of the forms of indi^^dual 
clouds, and second, the grouping of indi\ndual clouds first into 
lines, secondly into layers of detached cloud, thirdly into corru- 
gated layers, and finally into continuous layers of cloud where 
visible structure is lo^t. The third ])art is suggested by the 
modifications which the various individual clouds or groups take 
on at different heights. 

In the iutemational classification individual clouds and groups 
of clouds, linear, tesselated. and continuous, seem to be similarly 
regarded. And there is one other point to notice. Although the 
ancients had no names for what we recognise as separate forms of 
clouds, they did have two names, nubes and nebula : there is an 
essential difference between their meanings of which the inter- 
national classification takes no advantage. The name nebula 
does, indeed, appear in cirro-ncbuhi. the milkiness of the upper sky 
which causes halos. But the same kind of niilkiness often appears 
lower down and at the surface itself what we instinctively call 
mist is nebula, not nubes. It pervades large regions with no 
recognisable boundaries, and we might do well to rescue the term 
for more general use. 

The definitions of cloud-forms on the international classification 
with the addition of Alto^Cuinuhis-Cnstelhitua and of certain clouds 
with smooth outlines which are characterised as lenticular because 
some of the most conspicuous are lens-shaped, are set out in a book 
of Cloud Forms ” published by the Meteorological Office. We 
shall quote twelve definitions from that work. We have added 
another definition, No. 13, Pallio-Nimbus from M. Vincent’s 
classification. For Fog, the fourteenth type, we have made a 
definition of our own. 
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1. 1 Cirrus (Ci.). — Detached clouds of delicate apj)earance, 
fibrous {tlireaddike) structure and feather-like form^ generally xcliite 
in colour. Cirrus clouds take the most varied shapes, such as 
isolated tufts of hair, i.e., thin filaments on a blue sky, branched 
filaments in feathery form, straight or curved filaments ending in 
tufts (called Cirrus Uncinus), and others. Occafio. rally cirrus 
clouds are arranged in bands, which traverse part of the sky as 
arcs of great circles, and as an effect of perspective appear to 
converge at a point on the horizon, and at the opposite point also 
if they are sufficiently extended. Cirro-stratus and cirro- 
cumulus also are sometimes similarly arranged in long bands. 

2. Cumulus (Cu.) (Woolpack or Cauliflower Cloud). — Thick 
cloud of which the ujpjper surface is dome-shaped and exhibits 
protuberances while the base is generally horizontal. These clouds 
appear to be formed by ascensional movement of air in the day- 
time which is almost always observable. When the cloud and 
the sun are on opposite sides of the observer, the surfaces facing 
the observer are more brilliant than the margins of the protu- 
berances. When, on the contrary, it is on the same side of the 
observer as the sun, it appears dark with bright edges. '\\Tien the 
light falls sideways, as is usually the case, cumulus clouds show 
deep shadows. 

True cumulus has well-defined upper and lower margins ; but 
one may sometimes see ragged clouds— Mice cumulus tom by strong 
wind — of which the detached portions are continually changing ; 
to this form of cloud the name Fbacto-Cumulus may be given. 

3. Axto-Cumulus-Castellatus. — “ Little miniature cumidus 
rising in many heads from a more or less compact layer of alto- 
cumulus,'' “ Not a very common cloud in these latitudes but 
Bometime.s seen in summer, and when coming from a westerly or 
south-westerly point almost always a sign of the approach of 
shallow depressions which bring thunderstorms.”® 

^ It may be noted that the outline of the sun is visible, and his rays cast a 
shadow in spite of the presence of clouds of this type, unless the clouds and the 
sun are both low down on the horizon. 

* Captain C. J. P. Cave, R.E, “ The Forms of Clouds,” “ Q. J. Roy. Met. 
Soc.,’* Vol. XLIII., p. 68. 1917. 
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4. Cumulo-Nimbus (Cu.-Nb.), the Thunder Cluud ; Shower 
Cloud. — Great masses of cloud rising in the form of mountains or 
toilers or anvils, generally having a veil or screen of fibrous ierture 
{false cirrus) at the top and ol its base a cloud-mass similar to 
nimbus. From the base local showers of rain or of snow, occa- 
sionally of hail or of soft hail, usually fall. Sometimes the upper 
margins have the compact shape of cumulus or form massive 
heaps round which floats delicate false cirrus. At other times the 
margins themselves are fringed with filaments similar to cirrus- 
clouds. This last form is particularly common with spring 
showers. The front of a thunderstorm of wide extent is frequently 
in the form of a large low arch above a region of uniformly 
lighter sky. 

5. Stratus (St.). — A uniform layer of cloud, like fog not lying on 
the ground. The cloud-layer of stratus is always very low. If 
it is divided into ragged masses in a wind or by mo\mtain tops, it 
may be called Fbacto-Stratus. The comjdete absence of detail 
of structure differentiates stratus from other aggregated forma of 
cloud. 

6. ^Cirro-Stratus (Ci.-St.). — A thin sheet of whitish-cloud; 
sometimes covering the sky completely and merely giving it a milky 
appearance : it is then called Cirro-Nebula or cirrus haze ; at other 
times presenting a more or less distinctly fibrous structure like a 
tangled web. This sheet often produces halos round the sun or 
moon. 

7. ^Cirro-Cumulus (Ci.-Cu.). — Mackerel Sky, — Small rounded 
masses or white flakes loithout shadows, or showing very slight 
shadow ; arranged in groups and often in lines, French, Moutons ; 
German, SeJUifehen-wolken, 

8. Alto-Stratus (A.-St.). — A dense sheet of a grey or bluish 
colour, smnetimes fanning a compact mass of dull grey colour and 
fibrous structure. At other times the sheet is thin Uke the denser 
forms of cirro-stratus, and through it the sim and the moon may be 

^ It may be noted that the outline of the sun is visible, and his rays cast a 
shadow in spite of the presence of clouds of theso types, unless the clouds and 
the bun are both low down on the horizon. 



44 FOEECASTING WEATHEE 

seen dimly gleaming as through ground glass. This form exhibits 
all stages of transition between stratus and cirro-stratus, but 
according to the measurements its normal altitude is about one- 
half of that of cirro-stratus. 

9. Alto-Cumulus (A.-Cu .). — Larger rounded masses^ white or 
greyish, pariiatly shaded, arranged in groups or lines, and often 
so crowded together in the middle region that the cloudlets join , The 
separate masses are generally larger and more compact (resembling 
strato-cumulus) in the middle region of the group, but the dense- 
ness of the layer varies and sometimes is so attenuated that the 
individual masses assume the appearance of sheets or thin flakes 
of considerable extent with hardly any shading. At the margin 
of the group they form smaller cloudlets resembling those of cirro- 
cumulus. The cloudlets often group themselves in parallel lines, 
arranged in one or more directions. 

10. Strato-Cumulus (St.-Cu.). — Large lumpy musses or rolls 
of dull grey cloud, frequently covering the whole sky, especially in 
winter. Generally strato-cumulus presents the appearance of a 
grey layer broken up into irregular masses and having on the 
margin smaller masses grouped in flocks like alto-cumulus. 
Sometimes this cloud-form has the characteristic appearance of 
great rolls of cloud arranged in parallel lines close together. 
(Eoll-Cumulus in England, Wulst-Cdmulus in Germany.) The 
rolls thembolves are dense and dark, but in the intervening spaces 
the cloud is much lighter and blue sky may sometimes be seen 
through them. Strato-cumulus may be distinguished from 
nimbus by its lumpy or rolling appearance, and by the fact that 
it does not generally tend to bring rain. 

11. Lenticular Cloud Banks. — Banks of cloud of an almond 
or airship shape, with sharp general outlines, hut showing, on close 
examination, fretted edges, formed of an ordered structure of cloudlets 
similar to alto-cumulus or cirro-cumulus which is also seen in the 
hank itself when the illumination is favourable. Sometimes the 
body of the cloud bank is dense, and the almond shape is complete, 
fore and aft, but sometimes the bank thins away from the forwaid 
edge to clear sky within, so that the bank presents the appearance 
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of a horse-shoe seen in perspective from below at a great 
distance. The bank appears nearly or quite stationar 3 % while 
the cloudlets move rapidly into it at one side and away from it 
at the other. 

12. Nimbus (Nb.), — A dense layer of dark, shapeless cloud xvith 
ragged edges from which steady rain or snow usually falls. If there 
are openbigs In the cloud an upper layer of cirro-stratus or alto- 
stratus may almost invariably be seen through them. If a layer of 
nimbus separates in strong wind into ragged cloud, or if small 
detached clouds are seen drifting underneath a large nimbus (the 
“ Scud ” of sailors), either may be specified as Fracto-Nimbus 
(Fr.-Nb.). 

The following remarks are added in the international atlas as 
instructions to observers. 

(а) In the daytime in summer all the lower clouds assume, as a 
rule, special forms more or less resembling cumulus. In such cases 
the observer may enter in his notes Stratus- or Nimbos-Ccmuli- 

FORMIS. 

(б) Sometimes a cloud will show a mammillated surface and 
the appearance should be noted under the name Majmmato- 
CUMULUS. 

(c) The form taken by certain clouds particularly on days of 
sirocco, mistral, fohn, etc., which show an ovoid form wdth clean 
outlines and sometimes irisation, \rill be indicated by the name 
Lenticular, for example: Cumulus-Lenticularis, Steatus- 
Lenticularis (Cu.-lent., St.-lent.). 

(d) Notice should always be taken when the clouds seem 
motionless or if they move with very great velocity. 

13. Pallio-Nimbus. — A pall of cloud covering the whole sky 
which may be described as of the same type as alto-stratus but from 
which rainfalls. 

We add a new definition : — 

14. Fog. — A cloud, devoid of structure, formed on land in the 
layers of air which, though nearly stationary, really move slowly 
over the ground. The same kind of surface cloud may be 
found at sea in nearly cahn weather or with wind of nearly 
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any force. Viewed from a distance fog lias a definite boundary, 
wliereas some olber forms of obscurity have not. 

It may be well to group these cloud-forms into cloud-sheets and 
heap-clouds, as is done in the article on Clouds in the “ Meteoro- 
logical Glossary,” because a cloud-sheet, whether continuous or 
broken up into detached clouds or cloudlets, is an expression of 
stratification in the atmosphere for which some general explana- 
tion must be sought in due course. Such an explanation will have 
to be applicable to the higher cloud-sheets as well as to the lower. 
All cloud-sheets seem to be related in some way to the turbulence 
of the atmosphere. The relationship is already clear in the case 
of fog which arises from the absorption, by the ground or sea- 
surface, of heat from the warmer air passing over it with eddy- 
motion, and the explanation has been extended to the formation 
of layers of strato-cumulus in air-currents of long “ fetch ” and' 
to the initiation of the layers of detached cumulus-clouds of the 
trade-winds. There seems no reason for attributing the other 
cloud-layers to a different physical process so that we may look 
forward to some extension in future of the general theory of eddy- 
motion which will bring the rest of the cloud-sheets into line. 
On the other hand, cirrus, the threadlike streaks of cloud in a 
pale blue sky, and false cirrus, the tufts, with threadlike struc- 
ture, that generally lie on thunder clouds, are forms of cloud which 
are distinctive whether they are gathered into sheets or appear as 
detached masses in the sky. We cannot, apparently, be certain 
whether the false cirrus (or the true cirrus, indeed) is always to be 
regarded as belonging to great heights ; it is rather the index of 
a special form of structure. Mr. G. A. Clarke has often pointed 
out that the forms of cirrus are simulated by clouds with great 
variety of height and Captain C. K, M. Douglas judges them 
all to be composed of ice-crystals. The presumption is that 
the word “ cirrus ’’ defines a characteristic form of cloud 
consisting of ice-crystals arranged in lines, whatever the height 
may be. 

And, again, the use of lenticular clouds to form a separate group 
of classes is worthy of careful consideration. It seems right to 
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regard them rather as the hci w’ithin the boundary of which 
cloudletB are formed and outside which they evaporate ; so that 
the smooth appearance resolves itseK into a fretwork of cloudlets, 
forming in the wind as it passes through the cloud-region, and 
evaporating from it as it emerges. The process is necessarily 
dynamical and the peculiar dynamical conditions are apparently 
due to the configuration of the ground. 

Our illustrations of clouds (Figs. 7 and 8) will therefore be 
arranged as follows : — 

1. A group of eight Cloud-Forms (Fig. 7) two specimens of 
cirrus, one of false cirrus, one of cumulo-nimbus (the thunder- 
cloud), one of alto-cumulus-castellatus (the precursor of thunder- 
storms), one of detached cumulus (the post-meridian cloud of fine 
weather), one of detached stratus (the typical form of eddy-cloud 
due to the combination of thermal convection ^vith eddy- 
motion) and finally fog (the typical form of cloud due to eddy- 
motion operating against thermal convection). 

2. A group of five Cloud-Slieets. Two of extensive layers, 
namely, cirro-stratus, "the sheet of ice crystals which gives rise to 
halos, alto-stratus in the next lower stage, mostly water-globules 
which may give coronas, or iridescence, but not halos. Three 
groups of cloudlets, namely, cirro-cumulus (the mackerel sky) 
alto-cumulus, with rather larger cloudlets large enough to show 
shadows, and strato-cumulus, its grosser counterpart of the lower 
layers. 

3. A group of three types of Lenticular Cloud which are neither 
continuous sheets nor layers of detached cloudlets, but cloudlets 
which are passing through a cloud-mass and giving it a false 
appearance of smoothness and persistence. Two of them are 
lenticular clouds of the evening sky, and the third a cloud-form 
peculiar to the region of Mount Etna and called Contessa del 
Vento. 

For other illustrations of cloud-forma the reader may be 
referred to the work on Clouds ” by G. A. Clarke. Constable 
& Co., Ltd., 1920. 




a. Cinus (9,000 m.). Gr. A. Tlarlio. 
<Z. Cumulo-iii7nbu«>, Ovlon (1,400 m 
to 8,000 m.). Evan*^ 

6 Cumulus. Evening in the Indian 
Ocean (1,400 m. to 1,800 m.). 
Major W. J. S. Lock\oi. 
k. Fog on the ground. Capt C. J. P. 
Cave 


b. Cirrus spiial (height unkno^vn) 
G. A. Claiko. 

c False Liiru^ (c»V. .S.OOO m ). G A 
Clarke. 

f AJto-( iimulus-ca&tellatus (11,000 m 
to 7,000 m.). G. A Claike 
g. D'‘tnched stratus (under 1,000 m ) 
Capt. C. K. M Douglas. 



Fig 8 — Cloud siidets axd Ldmicul\r Clouds. 



a Cirro stiatub (9 000 mV Gr A. 
Clarke. 

6. Alto stiatus (3,000 m to 7,000 m) 
G. A Clarko 

/ Alto strata*- lenticulans (perhaps 
5,000 m ) G. A Claiko. 
g, Alto - cumulus - lenticulans (per- 
haps 5,000 m ) G A Clarke 

P.W 


c Cino -cumulus (3,000 m. to 7,000 
m.) G A Clarke 
d Alto-cumulus (3,000 m to 5,000 
m ) G A Claikc. 
e Strato cumulus (below 2,000 m ) 
G. A Claikc 

h Contessa del Vento (cumulus-len- 
ticulans) If TafTara 

B 




53 FORECASTING WEATHER 

THE HEIGHT OF CLOUDS 

Besides the specification of the type of cloud, reports are now 
required also of the direction in wliich the clouds are moving and 
of their speed. The direction of motion is obtained by the aid 
of a nei)hoscupe which, with observers in this country, usually 
takes the form of Fineman’s black-mirror nephoscope, a small 
portable instrument, or Besson’s comb, a large contrivance in the 
&lin])e of a huge comb at the top of a taU rod. * It can be fixed out 
of doors. Details of the practical instructions for the use of these 
instrunieuts are given in the Observer’s Handbook,” M.O, 191. 

The determination of the speed of motion is a more difificult 
matter. The angle through wliich a selected point of the cloud 
moves in a measured time with reference to a point on the ground 
immediately beneath it can be obtained satisfactorily from obser- 
vations with the nephoscope, but that can only be transformed 
into actual velocity if the height of the cloud is known. 

To get the height of tlic cloud which is the particular object of 
the observation, we could use an aviator’s note if he would fly up 
to the cloud and read his height on reaching it, or the height can 
be calculated if the angular elevation of the cloud from two points 
IS accurately observed. A simple form of this method, which is 
very effective at; night time, is to set the beam of a searchlight 
^ ertical and read off the height of the patch of the cloud which is 
illuminated by the light by sighting on a graduated vertical rod, 
suitably placed at a knowm distance from the searchlight, and 
sighted by an observer's eye placed in a suitable fixed position. 
For the day-time two theodolites have to be used, or two mirrors 
arranged to view the same point of a cloud by two observers a 
considerable " distance apart, who arc in communication by 
tclcplioue. Ob.scrvations of a pilot balloon also give the height 
of any cloud into which the balloon actually plunges. Bui it 
requires export judgment to distinguish between going into a 
cloud and getting behind a lower cloud which is nearer to the 
obser\"er. 

If none of these methods is available some information can be 
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gleaned from the type of cloud because measurements of the 
different types show notable differences of height. The heights 
of clouds in England are not apparently a favourite subject for 
English meteorologists and we have no official table of the heights 
of clouds. Mr. A. W. Clayden in his book on “ Cloud Studies/’ 
gives the following ; — 



Ifiiinlipr of 
OlwiT- 
wationa. 

Mnximiim 

Minimum 

Mean 


Altituilo. 

Allitudo. 

Altitude. 



m. 

m. 

m. 

Cirrus 

58 

27,413 

4,114 

10,230 

Cirro-stratus . 

04 

15,503 

3,840 

9,540 

Cirro-cumulus . 

63 

11,679 

3,657 

8,624 

AKo -cumulus . 

83 

9,390 

1,828 

5,348 

Cumulus top . 

42 

4,582 

— 

3,006 

Cumuhis 'ba-KO . 

48 

1,959 

584 

1,290 

Rtrato-cumulus 

27 

6,926 

823 

2,248 

Cumulo-uimbus lop . 

15 

6,409 1 

2,004 

3,002 

Cumulo -nimbus base 

i 

15 

1 

2,286 

766 

1,045 


The mean values agree reasonably well with the heights given 
by Hildebrandsson as the result of the discussion of the observa- 
tions of clouds in many countries by international co-operation in 
the year 1896 — 97, 

It is said that when no observational method is available an 
experienced person can teU the height of lower clouds by inspec- 
tion. It is a great gift : for those who do not possess it and have 
only a neplioscope the practice recommended by international 
agreement is to give the angular velocity of the cloud as the 
actual velocity on the supposition that the height is 1,000 metres. 
If h is the height in metres, Y the actual velocity, and v the velo- 
city of the imaginary cloud at 1,000 metres 

7 = i; . 7i/l,000 or V = 1,000 . 7/A. 

It would be of great assistance in this part of the subject if it 
were possible to get a large plane mirror set at 45 degrees to the 
horizon with a sufficiently true surface to throw a second image 
of the zenith on the field of a camera obscura. The first image 
would be obtained from immediately above the lens of the camera 
obscura. If things could be so arranged^ whenever clouds crossed 

e2 
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the zenith two images appear in the field, one following the other 
at a fixed distance according to the height of the cloud. 

Things might possibly be arranged so that the images were 
separated by two centimetres when the cloud was at 1,000 metres 
and by two millimetres when the cloud was at 10,000 metres. 
If that were done an observer watching the field of the camera 
would be able to tell the direction of motion by the track of the 
clouds, the height of the cloud by the separation of the images, 
and by a little strain on the imagination the vertical velocity 
would be given by the change in the distance of the images. He 
could thus get a stereoscopic view of the sky and read ofi what is 
now difficult even to guess at. 


The reader who wishes to follow up the meteorological infer- 
ences to be drawn from the study of clouds should consult the 
reports piibli‘^hcd in various countries of the observations made 
in the international cloud-year 1896-7. References are given 
in the summary of results which appears in Chapters IV. 
and VIL of the second volume of the remarkable work by Hilde- 
brandsson and Tcisserenc de Sort, ” Les Bases de la Metcorologie 
dynaniique.” Chapter IV. gives the bearing of observations 
of the direction of motion of clouds in all parts of the world 
upon the general circulation of the atmosphere, and Chapter VIL 
gives a summary of the results of observations of height and 
velocity of motion of clouds in Norway, Sweden, Russia, 
Germany, France, Canada, United States, India, and the 
Philippines. Great Britain took no part in that enterprise. 



CHAPTER III 

THE METHOD OF FORECASTING BY SYNOPTIC CHARTS 
THE GENERAL METEOROLOGICAL RELATIONSHIPS IN THE 
REGION OP THE BRITISH ISLES 

Before entering upon the special consideration of the details 
of conditions of our own area, meaning thereby that included 
within the limits of our daily charts, it will be desirable to 
glance for a moment at some of the meteorological features o' 
its geographical position. For that purpose let me refer to 
two charts in the ‘‘ Barometer Manual for the Use of Seamen.*’ 
The one represents the average distribution of pressure and 
winds over the globe in the month of January (Fig. 9), and 
the other the corresponding information for July (Fig. 10). 
Another map of the normal distribution of pressure and prevailing 
winds for July which was prepared for a work on ‘‘ The Air and its 
Ways ** is given as Fig. 11. Its form is more convenient for the 
study of the regions near the pole than the charts on Mercator s 
projection which are more appropriate for the inter-tropical belt. 

It is the distribution of land and sea and the contrast of 
the distribution of pressure in summer and w'inter to which 1 
wish specially to call attention. As regards land and sea, it 
will be noticed that the area of our charts is the region of 
transition from the Atlantic Ocean to the Eurasian conti- 
nent, the greatest continuous land-area of the globe. And as 
regards pressure, it must be noticed that over the Atlantic 
area, the transition from winter bo summer shows very little 
change in the general distribution of pressure, chiefly a streng- 
thening of the pressure in the permanently ‘‘ high ** regions 
of the 35tli parallel, and at the same time a weakening 
of the slope to the trough of depression between Iceland and 
Greenland, whereas over the land areas, as the winter 
changes to summer, the great winter high-pressure area of 
central Asia is replaced by a region of marked low pressure. 
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Pig 11 — and Winds ooiicspoiidinff therewith over the 
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griclual decline of intensity of the conditions rather than a 
clnnge of general type 

In the winter a great high pressure <xrea extends from 
AIomco across the Atlantic, southern Europe, and noitherii 
Africa to eastern Asia, and along the northern maigin ot thi^ 
region a succession of low-pressure aieas will be found with 



FORECASTING BY SYNOPTIC CHARTS 57 

interruptions due to variations of pressure, sometimes on the 
larger scale, sometimes on the smaller scale. The most 
important variations are the extensions southward or eastward 
of the high-pressure area which forms the variable northern 
or north-western boundary of the low-pressure region of the 
North Atlantic. 

In the summer the high pressure area of the Atlantic just 
north of the tropic becomes more pronounced and more 
isolated, and the intensity of the low pressure region further 
north is very much reduced ; there is a general tendency for 
low pressure to establish itself over the continental areas as 
the mean temperature of the day increases. 

Hence the region with which we are concerned is parti- 
cularly well situated for watching the changes in the general 
meteorology of the hemisphere. At times we seem to belong to 
an eastern extension of the permanent Atlantic high pressure, 
at other times we find ourselves on the western margin of the 
high pressure of the continental winter ; at others, again, our 
conditions are dominated by an extension south-eastward of the 
high pressure usually associated with Greenland, and at others 
we share in the circulation which is determined by a high 
pressure area over Scandinavia. These varieties of condition 
are to some extent seasonal, but any variety may occur at any 
season of the year. And since the general march of events 
in weather is from west to east our region is peculiarly marked 
as an out-post for the great land areas which lie to the east- 
ward. The British Isles — placed as they are on the extreme 
western margin of the high pressure area, which in the 
winter is characteristic of Eumpe and Asia— seem always to 
be on the brink of impending meteorological changes. And 
it is upon watching the gradual process of these changes that 
the method of modern forecasting depends. 

Recently the region of observations Las been extended towards 
the noith-west in Iceland and still more recently to Sj^itsbergen 
(1913), and towards the south-west to include Gibraltar and the 
Portuguese Islands. While the text of tliis paragraph has been 
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under revision observations have been inaugurated at Jan Mayen, 
between Iceland and Spitsbergen, and at Bear Island, between 
North Cape and Spitsbergen. These observations we owe to the 
enterprise of the Norwegian Government. The advantages of 
the extensions will be apparent. To the encroachments and 
recessions of the polar high-pressures on the western side of our 
area the observations from Iceland and the other northern islands 
furnish our only clues. On the other hand the Azores and 
liladcira are generally on the northern and north-eastern margin 
oi the permanent Atlantic anticyclone, and the observations from 
these regions indicate to us the changes that are in progress in 
that dominant element of the situation. In course of time it 
may be possible to find an answer to an inquiry which I think 
must be productive, and that is, how the north-east trade-wind is 
fed. That great permanent current may fairly be regarded, at 
least in part, as the drainage of surface air from the region between 
Africa and the Azores. The general circulation in July which is 
iiidicated in Fig. 11, throws some light on the matter. The supply 
is kept up, but not as a constant current from any particular part 
of temperate latitudes. The fluctuations of the stream must 
correspond with fluctuations of the weather within the region of 
our daily charts. Probably our own north-easterly winds form in 
their turn a part of the supply ; our south-west eily winds certainly 
do not. When the completion of our maps gives us the opportu- 
nity of finding an answer to this question we may obtain some 
guiding principle that will tlirow light upon the complexity of the 
conditions of our region. In the meantime we use the charts for 
the continued application of the ordinary principles of forecasting 
\shich were developed in the period from 1851 to 1885. 

RELATION TO THE UPPER AIR 

The exploration of the upper air within the last twenty years 
which is referred to in Chapter XV., enables us now to supplement 
the representation of our position in relation to our environment 
by adding a diagram to show the results of measurements of 
temperature of the upper air over the globe. It is given in Fig. 1 2, 
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which shows the normal thermal condition of the atmosphere in a 
section from pole to pole extending from the surface up to 20 kilo- 
metres. For the purpose of this diagram the actual temperature 
is not used, but the “ potential temperature of the air at the 
various levels. By potential temperature of any specimen of air 
is meant the temperatme which the air would indicate if its 
pressure were changed to a standard pressure under conditions 
which allowed of no escape of heat. Such conditions would be 
satisfied with sufficient accuracy if the air were forcibly brought 
down from its level to the surface. Hence the lines of the diagram 
show the temperature on the terceiitesimal scale which would be 
indicated by the various samples of air if they were somehow 
brought down to the surface, without any provision for reducing 
the temperature which would naturally result from the 
compression. 

The reason for representing temperature in this way is that there 
is a very prevalent idea of air coming down, in anticyclones or 
elsewhere, from the upper regions of the atmosphere to the surface. 

The diagram shows what the temperature of the air would be 
when it arrived at the surface in the absence of <any suitable 
processes for getting rid of the heat. The temperatures of the 
upper air viewed in this way are much too high for our experience ; 
consequently we must find a way for the superfluous heat to 
escape before we can accept suggestions of rapidly descending air. 

We cannot speak so easily of tlie relationships of ascending air 
because these are affected by the condeus<ation of water and we 
should have to consider the thermodynamic properties of saturated 
air, whereas for descending air wliich is warmed by the increase of 
pressure the thermodynamic laws of dry air apply. 

WEATHER FORECASTINQ 

Forecasting by means of synoptic charts was begun in this 
country by Admiral FitzRoy in Parliament Street just over sixty 
years ago. He adopted that special application of the Anglo- 
Saxon word in order to avoid the connotations of the words 
prognostic and prophecy. He began his systematic study of 
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the subject with the preparation of maps to represent the 
conditions of the storm which wrecked the Royal Charter in 
1859. In the method chosen for representing the distribution 
of the meteorological elements he followed Dove. 

Prom that time onwards there was a gradual development 
of the method of using synoptic charts for anticipating the 
weather. By 1885 the method had practically taken the form 
in which it is employed in the present day. The rules that 
had become established were formulated at the request of the 
Meteorological Council, and published in that year in a small 
book by the Hon. Ralph Abercromby, an experienced sailor, 
a keen observer, and an acute meteorologist, whose early death 
was an irreparable loss to meteorological science. 

The book to which I have referred was the latest official 
exposition of the principles of forecasting by means of weather 
charts, and I have therefore used it as the basis of the earlier 
chapters of this work which deal with the practice of fore- 
casting. I shah, endeavour later on to point out the advances 
that have been made in that department of our knowledge of 
the weather in the last thirty-five years. Throughout the 
book I have kept in mind the physical processes which, so far 
as we know, must be followed in the production of the various 
phenomena of weather. I have given a brief exposition of 
these processes in Chapter VIII., and in dealing with my subject 
I have endeavoured to bring the empirical laws of forecasting 
into relation with the physical processes. 

The fundamental principle of the method is that weather 
travels, and «hat if we can find out what weather there is 
within range and in what direction it is travelling we can 
warn one port of our area of changes that have already shown 
signs of their appearance in some other part. 

The statement that weather travels does not contradict 
common experience, for winds and clouds certainly travel, 
and anyone familiar with mountainous districts must have 
seen showers travelling. The travelling of weather which 
underlies modern forecasting is of a much more general 
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character, and it is only in rare instances that it can be 
treated with the precision that attaches to the motion ol the 
wind, the clouds, or the passing shower. The travel of 
weather conditions was first recognised as an established 
princij)le in the case of tropical revolving storms, the study 
of which claimed particularly the interest of sailors. It was 
extended to the weather of temperate latitudes, chiefly on 
account of the impressive instance of a gale which passed 
along the south of Europe and did great damage to the 
French and English fleets in the Crimea, including the loss 
of the Henri IV. on November 14, 1854. 

It was to a large extent upon this occurrence that Leverrier 
based his a^ipeal to the Emperor Napoleon III. for the initia- 
tion of an international service of reports, which was the 
origin of our present system. By October, 1868, the travel- 
ling of weather across the Atlantic Ocean for the period 
March 13 to March 22, 1859, had been demonstrated by 
Dr. A. Buchan in a series of charts contributed to the “Journal 
of the Scottish Meteorological Society.** 

Since that time the principle of the travelling of weather 
conditions has been generally accepted, and I shall summarise 
this chapter by illustrating the effectiveness of synoptic charts 
for representing this aspect of the phenomena of weather. 
For this purpose I have chosen a sj^ecial occasion, that of the 
gale of February 27, 1903. I will first point to the collection 
of records at a number of stations, any one of which will 
serve to represent what a single observer would have at his 
disposal if lie wished. Fig. 13 shows the sequence of events 
between 9 a.m. on February 2G and 9 a.m. on February 28 at 
eleven stations, as recorded by autographic instruments. It 
will be seen that more or less similar phenomena occur at a 
number of the stations not simultaneously, but in succession. 
I show the representation of the same phenomena by means 
of synoptic charts by giving in Figs. 14 A.— f. the charts for 
3 p.m., 6 p.m., 9 p.m. and midnight on February 26, and 
9 a.m. and 6 p.m. on February 27. It may fairly be said 



Meteorological Changes at Sei.ect£d Observatories during the 
Passage or a Cyclonic Storm, February, 1903, 



The thick line represents the variation of barometric pressure. 

The thin lino represents the variation of air temperaturo. 

The direction and lorce of the wind are represented by the arrows, 
with the addition of some incidental notes as to maxiinuin values. 

The occurrence of rainfall is represented by the vertical lines drawn 
upward irom the barometric curve. A line is drawn lor each 
hundredth of an inch. 


Fig. 13. 
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Flos. 14a — p. — ^Synoptio Charts for the Storm of Febniary 2(5 to 27, lOOI. 
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that the representation by synoptic charts, though less 
detailed, is, lor a rapid view, much more expressive. 

CYCL0NE5 AND ANTICYCLONES 

Out of the study of synoptic charts there arose immediately 
a necessity for the classification of two characteristic types of 
closed isobars — those which were associated mainly with strong 
^Yind8, and represented a circulation of air, more or less 
violent, round a low pressure centre, counter-clockwise, and 
those which were concerned mainly with light winds, and 
represented a gentle circulation of air clockwise round a centre 
of high pressure. The former was at once recognised as being 
similar in respect of the relation of wind and pressure to the 
tropical revolving storm, and the name “cyclone,” which 
Piddington had coined ^ to represent the incurving counter- 
clockwise circulation common to all low pressure systems in 
the Northern hemisphere, came into general use. There is 
sometimes a tendency to regard the word as belonging 
naturally to the terminology of hurricanes, but it is not 
necessarily so. 

For the region of light airs with a clockwise circulation, 
the name of “anticyclone” was coined by Sir Francis Galton, 
and introduced by him in bis “ Ifeteorographica ” in 1861 * 
Since that time both names have become generally accepted to 
indicate the two chief groups in the classification of the 
shapes of isobars. We can best illustrate this classification 
by reproducing an example of each. Fig. 15 represents a 
cyclone over our islands and the North Sea at 8 a.m. on 

^ “The iSailiji's’ Horn nook," 1848. ckap. Vllf. 

- See J^rof, Uoy. JSoc.,” 18(i3, p. 385. Tiio following quotation explains 
Gal ton’ .9 point of view : — 

“5rost meteorologists arc agreed that a circumscribed ai'ea of barometric 
depr(‘ssion is a loeiis of light ascending currents, and tlicreforo of an indrnught 
of Huifacc winds which create a retrograde whirl (in our hemisphere). Con- 
seriuciitly wo ought to admit that a similar area of barometric ^^levation is a 
locus of (lens(‘ dc'seending current, and therefor© of a dispersion of a cold dry 
atnio^.phcn* ijliinuing from the higher regions upon the surface of the earth 
'which, ihnviiig away radially on all sides, becomes at length imbued with a 
lateral motion due to the above-mentioned eauso, though acting in a diftei’ent 
mniiacr aud in opposite directions.** 




Fio 15 — T>])i(*al Pyclono 
Poi the explanation oi the symbols, see p 70 

F 2 
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1909. April y, 7 a.m. 



Pig. 16— Typical All licyolone. 

Note the local dillcrenoee of temperature. 
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1907, January 23, 8 a.m. 



Conversion Tahle. 
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The dotted line is the isolhenn of 30° P., or 272 t. 


Pig. 17. — Western Section of the great winter Anticyclone 
of January, 1907. 
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Febrnarv 2<i. liHiT, and Fig. 10 rt>]W’e'=‘tinrs the condition.^ of 
A])ril 0. sLoAving wliat would be called a normaJ anti- 
cyclone Fig. IT sliows tlie wesloni portion of the great anti- 

cvclone ol .lauuary 2;i of the same year as the Kt\)rii] of February 
20 (Fig. 1 j) wIkiu pressure wa.< a.s low as 27‘() inches or 934*6 
bars. In Fig. IT it reache.s 31*0 inches or LOflO inillibars. 

The fir.si of these tliree chart*? represents the same occasion as 
the figure in the original edition, l>ui it has lieon redrawn because 
as usual in all cases of very destructive galc.s there were data 
iucludcr] in Ihe working charl- of tlie Office which were not shown 
in the Daily Weatiier Report (»f the chiy. The pre.ssureR have also 
been rransftjrmed into millibars and the chart exhibits a fine 
t*XMKj)lt‘ of the ty]»c of map described on p. 17, which was in 
yogLie fron: 1914 to 1919. The new symbolism is emiihu'cd: 
cirt'lofs for >tation.s. cro.s.s-stroke.s for parts of the sky cjovered, 
a tilack dot for ram. a star for snow, a black triangle for hail, an 
arrow ifir wind with fca.ther.s to corre.spond with the Beaufort 
number. The wavy line for rough .sea and the doubh' wavy line 
for high sea Jiave. however, been omitted for lack of sf)‘ice. Tlic 
isohar.s dravra for step.s of five iniilihars are represented by full 
linos and isothfirm.s drawn for steps of 10° F. by dotted lines. 

The cha^t^ whicli have been specially drawn for this edition, 
follow the same j^ractice, but for tliose dated after Januarv 1, 
1920, the stop of tlie i.sobaT'^ is four millibars instead of five. 

The other two charts arc the first cxample.s of a krge number 
special!)' ]jrepai’ed for tliis book in 191 1 on the plan which was 
adopted for the Daily A^'^cather Report, from January 1, 1911, 
in order to .show pressure, wind, svcalhcr and tonijieratui'f* on a 
single map. 

The ideas associated with cyclones and anticyclonr'h are tJie 
practical basis of forecasting by moans of sjmoptic charts, and 
a careful study of the details of the distribution f)f the 
meteorological elements in the regions covc^red bj" them is the 
first step towards comprehending the method. 



CHAPTEE IV 

THE RELATION OF WIND TO BAROMETRIC PRESSURE ’ 

In the eoiisideratioii of a inodcru synoptic churl formed hy 
the plotting of {^ynchronouH obtiervaUons ufc a runnl»nr of 
stations, as described in (’hnptov L, the isoburic linos arc 
regarded as the most important feature. Taken togeOhor they 
give a vie^N' of tlu' distribution of liuvometne pressure over the 
Tvhole area. lu modern practice it is usual to refer all the 
other phenomena whicli make up wemhov to the ascorfcained 
distribution of pressure. The process of for(3(*MStiug pruetioall^ 
l)egins with anticipating the changos of pressure vliich will fcalco 
place within the interval for wbicb tlie forecasis arc made, in 
consequence of the travel of barometric conditifins, with sin-li 
modification of type as may be inferred from pi'cvious 
oxporicuce, and it is completed hy assigning to the succosbvve 
distributions of pressure thus anticipntod the vai’ious coii'- 
ditions as regards wind, temperature, cloud or fog, rainfall or 
snowfall know'n to lie generally associatetl with distributions 
of recognised typo. 

Of the various olcment^ which can he related to tlin dis- 
tribution of pressure, wind is in a class h^> itself, because its 
relation to the isobars in the most regular, and is nearly 
independent of the tyiie of preasure-distrilmtion. 

BUV5 BALLOTS LAW 

The general rule as regards the direction of the wind 
is known to meteorologists us Jluys Rallot*& lav;, because 
it was first clearly enunciated and insisted upon hj IVo- 
fesBor Buys Ballot, of Utrecht. Strange ns it may sooiu to 
anyone familiar with weather maps to-day, its acceptance 

Forfiilloi Uotaifv of ilir (r<Mlini'u( ol iUi'^ sulirf*»’t tin* rondnr ho Tffrrrotl 
to ‘‘Manual oC Mok*oiolo;i\/’ I'.irl IV.. L^m\x*rsity Urot,*. LOlO, 
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by meteorologists was a slow process. In this country 
Dr. A. Buchan and Mr. Joseph Baxcndell were at first its chief 
advocates. It must be remembered tliat the distribution of 
pressure causes forces which push the air in the direction from 
high pressure to low, and perhaps a natural view is that the air 
moves in the direction in which the pressure is pushing it ; but 
however natural it may be, it is erroneous. The working law 
may be thus enunciated for the northern hemisphere : — Stand 
with your back to the wind in the northern hemisphere and the 
barometer will ho lower on your left hand than on your right. 
For the southern hemisphere the opposite is the case, and the law 
as applicable in that case is : — Stand with your back to the wind 
in the southern hemisphere and the barometer will be lower on 
your right hand than on your left. 

In estimating the force and direction of the wind it is 
customary to face it, and the form of statement which is 
preferred by sailors is as follows: — If you stand facing the 
wind the low^er pressure is on your right in the northern 
hemisphere and on your left in the southern hemisphere. 

Applying this rule to a synchronous weather chart upon 
which isobars are drawn, it follows that the direction of the 
wind is more or less tangential to the isobars. Abercromby 
says, “ In few cases is the wund exactly parallel to the isobars, 
but is inclined at an angle of about 80^ or 40° to them." An 
arrow drawn on a chart to indicate the direction of the wind 
in the northern hemisphere will therefore have the low 
pressure on the left hand side of the direction in which the 
air is moving, and the direction of the wind will deviate from 
the direction of the isobar generally to the extent of 30° or 
40° towards the low pressure side. 

We may illustrate this rule by three cases : — Fig. 18, for 
straight isobars ; Fig. 19, for the isobars of a cyclonic depres- 
sion which are concave to a centre of low pressure ; and 
Fig. 20, for the isobars of an anticyclone which are concave 
towards a centre of high pressure. Of the two arrows drawn in 
each system of isobars one is tangential to the isobar and the 
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other inclined at 46° to the direction of the isobar, which it 
crosses towards the low pressure side. According to Aber- 
cromby the wind will seldom be found in the tangential 
direction indicated by A, but most frequently somewhere 


29S 



Fig. 18.— Eel at ion of Wind Direction to Straight Isobars. 

between the direction indicated by A and that indicated by B. 
Thus the motion of the air sometimes consists of pure 
tangential motion along the isobars, but most frequently the 
tangential motion is compounded with a motion across the 



Fig. 19. — Eelation of Wind-Dheotion to Cyclonic Isobars. 

isobars from high to low. If the inclination of the wind to the 
isobars were 45° the motion along the isobars and the motion 
across the isobars from high to low would be equal. We may 
therefore conclude from Abercromby’s statement that the 
component of the motion across the isobars is generally less 
than that along the isobars, and there are cases in which 
there is no motion at all across the isobars. The 
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between the direction of the isobar and the direction of the 
wind has been called by Clement Ley the inclination of the 
^Yind, and the coin 2 )lementary angle, namely, that between 
the wind and the line of gradient, which is normal to the 
isobar, is called the deviation of the wind (Ablenkungswinkel). 
See llann, Meteorologie ” (Edition 1906), p. 371. Much 
attention has been paid to the magnitude of these angles 
for different meteorological conditions, and average values 
for different winds have been taken out for different localities, 
I do not propose to follow the discussion of these values in 
detail, because the difference of inclination on different 



Fig. 20.— Eolation of Wind-Direction to Anticyclonic Isobars. 

occasions may be due to a variety’ of causes whioh cannot be 
dealt with by the method of averages. 

Among the causes which may affect the angle of inclination 
as measured we may note the following: First, the pressure 
for which the isobar is drawn is reduced to sea level, but there 
is no corresponding reduction for the wind, so that on the 
chart the wund is compared with a pressure distribution for a 
different level. Secondly, the difference of exposure of the 
different stations of observation is a very important considera- 
tion as concerning the wind, but of very little importance as 
concerns the pressure.^ The frictional effect of the ground 

1 The pressure at the surface in lbs. per square foot may be regarded aa 
the weight of a rertical column of air one square foot in section extending from 
the surface to the outer confines of the atmosphcie. The weight of the column 
will depend upon the density of the air of which it is formed as well as upon 
the height. The density of air is subject to variation on account of changes 
in its composition, its pressure, its temperature, and its humidity. 
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and of the obstacles upon it ia an uncertain element for every 
station. Observations with kites show that above the surface 
the inclination of the wind to the isobar becomes less, and 
about of veer from the surface to the upper air may be 
allowed on this account in ordinary winds. (See Gold and 
Harwood, B. A. Report, 1909.) Thirdly, the drawing of isobars 
upon an isochronous chart is not yet carried to so high a degree 
of refinement as the local measurement of the direction of the 
wind. An inspection of the charts of a self-recording 
barometer will show sometimes quite noticeable variations in 
the pressure which are not represented in the synchronous 
charts, and are therefore neglected in the conspectus of the 
pressure distribution which a synoptic chart provides. The 
charts are prepared from observations at places a great 
distance apart, and the tendency is to round off or smooth 
the isobars. The true direction of the isobar in any particular 
locality is often altered in that way. Sudden changes of wind 
are often related to equally sudden changes in the direction of 
isobars (see Chapter XI.), but as a rule the changes are 
smoothed out on the map, because, for one reason, there is 
generally no means of knowing the precise locality at which 
the sudden change occurs. 

On most days, and in particular on every sunny day, there 
is probably a slight difference of pressure between sea and 
land which could only be shown by refined measurements of 
pressure in the immediate neighbourhood. It may extend 
over only a few miles and be merely of the order of a 
hundredth of an inch, but the local wind will be governed by 
it though the isobar on the chart is not drawn to show any 
dislocation on passing from sea to shore. An example of such 
an occasion is quoted in “ Barometric Gradient and Wind 
Force*' (M.O. publication No. 190, p. 9). 

In the British Isles we are very favourably situated for 
getting precise information about pressure from stations not 
far apart, and the exposure of many of our coast stations is 
verv free, so that little correction of wind-direction is necessary 



76 FOEECASTING WEATHER 

in order to inalte allowance for the surface disturbance. 
Experience with our maps goes to show that the more carefully 
the details of the isobars are elaboi*ated the more closely are 
the directions of the wind in dififeront parts of the country in 
accord with the direction of the isobars, and cases of the wind 
being actually tangential to the isobars are much more frequent 
than would appear at first sight. 

An examination of the charts of the Daily Weather Report 
will be sufficient to satisfy anyone as to the general appropriate- 
ness of the statement of Buys Ballot’s law. I give one 
example (Fig. 21) of a special case of isobars with winds of no 
great strength in which the run of the isobar for 30’1 inches is 
clearly followed by the winds with remarkable fidelity. The 
reader should notice also in this case, by tracing the line of the 
isotherm for 40°, which represents an intrusion of cold air from 
the east, how the outlier of high 2 )ressure protruding from the 
western anticyclone is associated with the cold protuberance, 
thus indicating a tendency for cold surface-air to be associated 
with high pressure. The tendency may be regarded as 
general, but there are many causes which interfere wdtli its 
application (Chapter XII.). 

BAROMETRIC GRADIENT AND WIND FORCE 

Let us now enter upon the consideration of the force or 
velocity of the wind in relation to the pressure distribution. 
For this purpose it is necessary to introduce a definition of the 
barometric gradient. This is, briefly, the rate of fall of 
pressure along the line of steepest downward slope. We are 
using here for purposes of analogy the terminology of an oro- 
graphical map with contour lines. We have first to find the 
line of steepest slope to lower pressures. In the case of 
parallel isobars (Fig. 18, p. 73), the line must clearly be drawn 
at right angles to the isobars and towards the low pressure. 
If the isobars are curved (Fig. 22) we draw in a corresponding 
way the gradient line “normal,*' or at right angles to the 
tangent, to the isobaric line at the point where we want to find 
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1906. April 9, 6 a.m. 



Conversion Table. 


In. 

Mb. 

In. 

Mb. 

In. 

Mb. 

29*8 

1009-1 

300 

1015-9 

30-2 

- 1022-7 

29-9 . 

1012-5 

30-1 . 

1019-3 1 

1 



The (lotted line is the isotlienn of 40° F. (277*4 1.). 

Fig. 21. — Chart to show the Eolation between the Wind Direction 
and Pressure along the Isobar of 30*1 inches. 
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the press lire ’gradient, and take the direotion towards the low 
pressure. Along that line — the gradient line — we must 
measure the rate of fall of 
pressure. It is usual to express 
the rate of fall by quoting the 
fall of pressure in hundredths 
of an inch for a quarter of a 
geograjihical degree, or fifteen 
nautical miles. In practice 
we have to measure the dis- 
tance along the gradient line 
corresponding with the interval 
of pressure between two isobars 
and compute the pressure- 
gradient from the measured 
distance. Thus, to find the gradient at the point X for a map on 

299 




Fig. 22. — Belatioii of Wind 
Direction to Isobar and 
Gradient 


Scale of Nautical Miles 
Q Jpo 200 300 4pQ 5p 0 miles 

Fig, 23. — Computation of the Gradient- wind. 

which the isobars of 30'0 inches and 29'9 inches are represented, 
in Pig. 28, we take the line A B, normal to the pair of isobars, 



RELATION OF WIND TO BAROMETRIC PRESSURE 79 


measure the distance between the consecutive isobars (140 
miles according to the scale), then the fall of pressure in fifteen 
15 

nautical miles is X ’1, or *0107 inch. Hence the gradient 

is *0107 inch of mercury pressure per fifteen nautical 
miles. 

In the figure I have placed the position of X very favour- 
ably for getting a good measure of the gradient. It is just 
midway between two isobars which are reasonably parallel. 
This is by no means always the case in determining gradients 
on a map. Sometimes the point is close to one isobar which 
is not equi-distant from those on either side, and sometimes, 
for want of data, no isobar can be drawn on one side of the 
point. Thus in determining the gradient a good deal may have 
to be left to the judgment of the operator, but it is not neces- 
sary to enter here into the details to be followed in obtaining 
the best result in difficult eases which sometimes arise. I will 
confine myself to those cases in which the measurement is 
reasonably free from doubt. Since what we have to measure 
on the map is the distance between consecutive isobars, it is 
clear that we may use the distance between isobars as the inverse 
of barometric gradient without going through the arithmetical 
computation of the gradient every time. It will be understood 
that when the isobars are close together the gradient is large, 
when they are wide apart the gradient is small, and in general 
terms the crowding together of isobars is an indication of 
increased gradient. 

We have already seen that, with an allowance for inclina- 
tion, the direction of the isobars represents the direction 
of the wind ; the next step is to realise that the close- 
ness of the isobars is a good indication of the velocity of 
the wind. 

In illustration of this general rule Abercromby quotes a 
table of mean wund velocity for different gradients at Kew, 
prepared by Whipple in 1882 from observations at Kew 
Observatory. I extract the following : — 
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Gradient per nfieeu XuiiUcil 
Nileb. 1 

1 

Distance brUveen conaecutlTo 
Nebars in the lai^r CliarL of 
j the Daily Weather Report. 

Wind Velocity In Miles per 
Hour. 

*002 inches 

2 ' 6 inches 

50 

•030 

•5 

9 ‘2 

•020 „ 

•25 „ 

lG-5 

•OiiO „ 

•17 M 

25*5 


For certain reasons, to which I will refer later, there are 
difficulties about accepting a table of this kind as a full 
representation of the relation of gradient to wind. The 
determination of small gradients from an ordinary map is 
liable to considerable errors, and this may be borne in mind 
when it is noticed that the proportionality of wind-velocity to 
gradient is very nearly approached for the two highest 
gradients in the table, but it does not hold for the lower 
numbers. The table shows clearly enough, however, that the 
greater the gradient, the greater is the velocity of the wind 
recorded at the observatory, and this relation is generally true 
for all observatories that are not close to the equator. 

Innumerable examples of this general principle occur in 
practice and any aeries of weather maps will serve to 
illustrate it. 

A law of this kind which is approximately true for 
individual cases is equally approximately true for mean 
values, so that a map which shows the mean gradients over 
the world w’ill also give us approximate information about the 
mean winds of the world. I shall illustrate this most 
important meteorological law by reference to the charts of 
pressure and winds for the globe for the months of January 
and July, taken from the “ Barometer Manual for the Use of 
Seamen,’' already given in Chapter HI. (Figs. 9 and 10). In 
these charts, the results for pressure and wind have been deter- 
mined quite independently, but the explanations of the mode 
of representation given on the charts are sufficient to enable 
anyone looking into the matter to see with what fidelity the 



RELATION OF WIND TO BAROMETRIC PRESSURE 81 


distribution of isobars gives the recorded strength of the 
mnds. 

DYNAMICAL EXPLANATION OF THE RELATION BETWEEN 
PRESSURE AND WIND 

Regarded as an empirical law, the relation between pressure 
and wind is the most conspicuous achievement of modern 
meteorology, and its explanation upon dynamical principles 
makes it still more interesting. 

I shall endeavour to give a general account of the explana- 
tion, because it enables us to look 
at the relation from a standpoint 
which is of great importance in 
practical meteorology. The most 
striking feature to be noticed is 
that the direction of the wind is 
along the isobars, whereas the 
pressure is pushing the air in 
the direction of the gradient, 
that is, at right angles to the 
isobars. Now it is a common 
dynamical observation that so 
long as a body can keep moving 
at right angles to the force which 
is acting upon it, it will change 
its direction, but will not alter its 
speed. A pendulum-bob P held by a string PQ swinging in 
a horizontal circle is a very good illustration (Fig. 24). If 
we stop the bob P, it falls at once to the centre 0. So long 
as it keeps moving with the same speed it will describe the 
circle, but not yield to the force. If we increase the speed, 
it will want a larger circle, and require a greater force, but 
in the absence of any disturbance of that kind, it keeps on 
its circular path. The friction of the air gradually retards it, 
so ultimately, in practice, it finds the centre. 

In steady motion the force F must be so adjusted that 

F.W. 



Fig. 24. — Pendulum describ- 
ing a Horizontal Circle. 


O 
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F = mv^jr, or v^jr = F/m, where v is the speed, r the radius of 
the circle, and m the mass of the moving body. 

It is the same witli the air : if it revolves in a circle about 
a point with a proper velocil3% it can support an adjusted 
pressure without any other result than a change of direction. 
Such rotations of the air are exhibited in nature on the large 
scale in tropical revolving storms. The appropriate equation 
for air moving in a “small circle ” on the earth's surface of 
angular radius a is F® cot a/F = bjp, w^here V is the velocity, 
E I he radius of the earth, h the necessary pressure gradient, 
and p the density of the air. 

But there is another rotation to which moving air has in 
like manner to accommodate itself, and that is the rotation of 
the earth over which it moves. Here we have a different 
view of a similar experiment. 

If the air is moved by any cause whatever, and left to itself, 
it will not keep in ^hat corresponds with the straight line of 
its motion on the earth's surface, that is a great chcle, because 
the earth rotate underneath it. For the same reason a 
gunshot deviates to the right in the northern hemisphere, 
because the earth rotates underneath it from right to left or 
counterclock^^ise. If you wish to keep a gunshot or air in its 
lino of motion along a great circle on the earth, you must push it 
^^]llleit is moving so as to compensate for the earth’s rotation. 

According to the theor}’ originally expounded by Ferrel in 
America and by Guldberg and Mohn in Europe the effect 
of the earth's rotation is the same as if every portion 
of the moving air were Bul)ject to a force across its path 
from left to right equal to "Imp V sin where m is the angular 
velocity of the earth, (f> the latitude of the place, V the velocity 
of the air, and p its density ; so, for motion in a great circle it 
must be pushed in the opposite direction by a force across the 
path to balance the deviating effect of the earth’s rotation. 
The pressure distribution wdll supply the necessary force if its 
gradient b is of the right value ; hence the equation 
b =2w Vp sin ^ 
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^;ives us the condition under which the air will keep exactly 
straif^ht, that is, will describe a straight isobar along a great 
circle. 

This is obviously a verv delicate adjustment If the 
gradient b becomes too great the air is pushed away to the 
left and gets up speed until the increase of V brings up the 
balance again. If V gets smaller for some reason, as for 
example by friction, the balance is disturbed because T’ is not 
now big enough. In favourable circumstances, by a proper 
adjustment of i^ressure on either side, an air current can be 
steered the world over. 

In the second part of The Life History of Surface Air 
Currents/’ (M.O. publication No. 174), the paths of air for 
long stretches over the Atlantic have been traced, and it is 
interesting to notice how the steering is performed by the 
adjustment of pressure on the two sides. (See Chapter IX.) 

But generally in meteorology we find in combination with 
this directive action of pressure due to the rotation of the 
earth, the centrifugal action round a centre of low or high 
pressure. In such cases we have 

b . 

— = 2a>7 sin 

p Jii 

when the pressure required to keep the motion in a circle is 
in the same direction as that required to compensate for the 
rotation of the earth, i.c., for a cyclonic circulation ; and 

h . 7 ^ 

— = 2a>7 3in ^ jjr cot a, 

p ^ Hi 

when the two components of pressure are opposite to each 
other. 

The underlying principle of these equations is that the 
pressure gradient is just balanced by appropriate motion of 
the air. There is every reason to think that that principle, and 
the equations which represent it, give us the explanation of 
the relation of the motion of air to every ordinary distribu- 
tion of pressure. 

An investigation of the actual paths of air in travelling 

G 2 
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depressions in ‘‘The Life History of Surface Air Currents ’* 
shows that in all ordinary cases the changes in the velocity of 
the wind as it travels are very slow. It takes twelve hours 
for air to circumnavigate the centre of a depression even in a 
fast travelling storm, when the path of the air goes close to 
the centre, and the change in velocity during the process 
is, dynamically speaking, negligible. Hence the assumption 
of the balancing of the pressure by the motion is well sup- 
ported. IMoreover, the calculation gives results ^Yhich agree 
very closely with practice if one makes allowance for surface 
friction. From kite observations, it appears that at 1,600 
feet above the surface the agreement is generally very close. 

Moreover, the second equation, which is applicable to anti- 
cyclones, exi^lains why such small velocities are to be found in 
the central regions of an anticyclone. It will be seen that the 
equation is a quadratic for determining F. When ^ and p are 
known the roots of the equation become imaginary if b 
exceeds a certain value. 

The equations explain further why a single table of average 
correspondence between gradient and wind force is not 
adequate for all cases, because the formula applicable is 
different according as the path which the air follows is straight 
or curved. Separate tables are required for straight isobars 
and for curved paths of different curvature. 

The determination of the curvature of the path of the air 
is not possible from a single map. We require to trace the 
previous history of the air. For the present, therefore, we 
shall confine ourselves to the calculation of gradient wind for 
straight isobars. The wind so calculated is called the 
“ geostrophic mnd.” 

The following table shows the relation between the distance 
of separation of the isobars, and the computed geostrophic 
wind velocity for selected pressures and temperatures of the 
air in latitude 53°, This table serves to give an approjdmate 
value of the geostrophic wind in our islands. A separate table 
would be required for latitudes further south than 48° or further 
north than 58°. 
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Table Showing Distances Apart in Nautical Miles of Conseoutivk 
^-INOH IsOBAHB IN JLiATlTUDE 53°, ( 'ORUESPONHING WITH StATEH GeO- 
STBOPHio Wind Veloopties, Pressures and Temperatures. 



GeoHtniphir Wind 
Velocity. 

Pressure aud Tempeniture. 





in.®F. 

in.®F. 

iu.°F. 

m.®F. 

in.“F. 

in.®F. 

in.^F. 



"2 


31 28 

31 44 


31 77 

— 

— 

— 

1 

h 


•d 

30 13 

30 27 


30 60 

30 78 

.SO 97 

— 

E 

9 

O 

« 

02 

o 

— 

29 11 

29 26 

29 43 

29 60 

29 79 

29 99 


a 

M 


— 

— 

28 10 

28 25 

28 42 

28 60 

28 79 


o 

Q* 

P4 





















3 

JS 

o 

ts 

Distances apart in Nautical Miles of CJonsBCutiTO 

a 

s 





y^-inch Isobars. 



2 

5 

2-2 

m 

320 

540 

5G0 

580 

600 

620 

640 

3 

10 

4*5 

14*7 

260 

270 

280 

290 

300 

310 

320 

4 

16 

C-7 

220 

170 

180 

190 

190 

200 

210 

210 

5 

20 

8-9 

29-3 

130 

140 

140 

140 

160 

150 

160 

«{ 

25 

11-2 

36*7 

100 

110 

no 

120 

120 

120 

130 

30 

13-4 

44*0 

87 

90 

93 

97 

100 

100 

no 

7 

3.5 

lo-7 

.51*.S 

75 

77 

80 

63 

85 

88 

92 


40 

17-9 

58*7 

66 

68 

70 

72 

75 

77 

80 

45 

20-1 

6G*0 

58 

GO 

62 

64 

66 

69 

71 

9 

60 

22'4 

73-3 

52 

54 

56 

.58 

60 

62 

64 

10 { 

55 

24*6 

80*7 

48 

49 

51 

53 

54 

56 

58 

60 

2G-8 

88*0 

44 

45 

47 

48 

50 

52 

54 


65 

29*1 

93*3 

40 

42 

43 

44 

46 

48 

49 


70 

31-3 

102*7 

38 

39 

40 

41 

IB 

44 

46 

[ 

76 

33-5 

110-0 

.36 

36 

37 

39 

40 

41 

43 

f 

80 

35-8 

117*3 

33 

34 

35 

36 

37 

39 

40 


So 

38‘0 

124*7 

31 

32 

33 

34 

35 

36 

38 


90 

40-2 

132-0 

29 

30 

31 

32 

33 

34 

36 


1 95 

42-.> 

139-3 

28 

28 

29 

30 

B1 

.S3 

34 

12' 

100 

44-7 

146*7 

26 

27 

28 

29 

30 

:u 

32 


no 

49*2 

161*3 

24 

2.5 

1 

25 

26 

' 27 

28 

29 


120 

53-6 

176*0 

22 

23 

1 23 

21 

25 

1 26 

27 


130 

58*1 

190*7 

20 

21 

21 

22 

23 

! 24 

25 


110 

62*6 

205*3 

19 

19 

20 

21 

21 

22 

23 


Correction for an increase of 1® F. in temperature. — Add J per cent, to the 
velocity. 

Correction for an increase of 0*1 -inch in pressure — Subiract J per cent, from 
the velocity. 

Correction for an increase of 1 ® in latitude. — Subtract 1 per cent, from the 
velocity. 

The values in the table are compiitetl for air moving along a great circle. 

The diieution ot tJic goub trophic wind is along tlic iso bam witli the low inessure 
to the left in the northern hemisphere. 















86 FOEECASTING AVEATHER 

This table can be used to compute the geostrophic 
from a chart of isobars, and the computation presents no 
difficulty if the chart carries a scale of nautical miles. It is 
a very useful meteorological exercise to compare the geostrophic 
wind obtained in this manner with the wind noted by the 
observer and charted on the map. The comj)ari-{on should 
be made both as regards direction and speed. In order to 
facilitate the comparison when the observed wind is given on 
the Beaufort scale, the first column of the table may be used. 
It gives the Beaufort number which would be used to repre- 
sent the vnnd velocity as given in miles per hour in the 
second column. When the velocity falls between consecutive 
numbers in the second column it may be necessary to refer 
to the conversion table of ]). 70, in order to decide which 
Beaufort number to use. 

The introduction of C.G.y. units for the measurement of 
pressure has introduced some changes in ordinary practice which 
ought to be noticed here. In the first place a distinction has been 
drawn between that part of the barometric gradient which 
depends upon the rotation of the earth and that part which 
depends upon tlie curvature of the path, and separate names have 
been given. The part which depends upon the rotation of the 
earth and is expressed by the formula 2co7sin ^ is the geostrophic 
component and the part which depends upon the curvature of the 
path and is expressed by the formula cot ol/E is called the 
cydostrophic component. Further, the wind, which is computed 
from the gradient for straight isobars, or neglecting the component 
of pressure due to the curvature of the path, is called, as we 
have seen, the geostrophic wind. 

The diagrams of Figs. 18, 19, 20, 22, 23 apply equally to the 
computation of the wind from the distribution of pressure 
expressed in millibars, and we may suppose the numerical indica- 
tions assigned to the isobars to be suitably altered and to become, 
for example, 1,010, 1,012, 1,014, instead of 29-8, 29*9, 30-0 in 
Figs. 18, 19, 20 and 23. The measurement of gradient must also 
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be extended to include the expression of gradients in millibars 
per 100 kilometres or some other distance. We also require a 
new table for C.G.S. values in place of the table of ]). 85. But, 
as a matter of fact, gradients are seldom measured in actual 
practice. It has been found much more convenient to use a scale 
which could be laid on the map and which would give directly the 
reading of the velocity in metres ^Jer second, or in miles per hour 
by the formula V = hj{2wp sin ^), according to the graduation of 
the scale. Such a scale is really applicable only for one pressure 
and one temperature because the density of the air, represented 
by p in the formula is dependent upon the values of those elements 
but a correction can easily be made for the departui-e of the density 
from the normal values for which the scale is constructed, although 
generally, in view of the crudeness of the measure of the gradient, 
the application of any correction is hardly worth while. 

GEOSTROPHIC WIND SCALE FOR 


4 mb isobaTB on 1 : 2 x 10’ Charts, 
or 2 mb „ » 1 • 10’ n 

or 1 mb „ „ 1 : 5 X 10® 


KH> so 30 20 

EfiT iyi 1 


Miles per hour. 
Fig 25. 


j 


We give here (Fig. 25) a reproduction of the scale which was 
introduced into the Meteorological Office as a scale printed on 
transparent material for use with the working charts hecaiise it is 
also applicable to the charts of the British Section and the 
International Section of the Daily Weather Report. It expresses 
the velocities in miles per hour, and we have therefore prepared a 
modiheation of the scale (Fig. 20) which gives the velocities in 
metres per second. 

Furthermore, for easy computation of geosirophic winds from 
the maps reproduced in this book a scale of nautical miles was 
added in each map with which the table of p. 85 could be used. 
A scale of geostrophic winds is, however, so much more handy 
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lor this purpose that we include here Fig. 27 , a suitable scale lor 
isobars drawn lor intervals of one-tenth of an inch, and Fig. 28, 
another drawn for intervals of 4 millibars on the scale of our 
maps. The reader is recommended to prepare for himself on 
transparent paper a copy of the scale which he can use to deter- 



Velocity uiifiefres/sec for 2fnb Isohcirs on Chart 

Fig. 28.— GeostropUio Winrl Scale for the Charts of the Daily 
■\Veafclior Report;. 
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Vtfocily t/t mite^ ^er hotp^ For ^ mch Isoharson Chart 1: 5 'iXtOF 

P2 g. 27. — Geostrophic Wind Scale in Miles pp Eour for the Weather 
Charts in Inches, as reproduced in this book. 



Velocil^ in melres^sec for 4mh. Isobar’s on Chart /; 3 *7 x 1(P 

Pj 28. — (-ieostrophic Wind Scale for the Weather Charts in Millibars 
as reproduced in this book. 


mine the geostrophic wind on the standard maps of North- 
Western Europe which appear in this book. 

Recently at the Meteorological Office the comparison of the 
gradient or, generally speaking, the geostrophic winds, with the 
winds recorded on anemometers, or estimated on the Beaufort 
scale, has been made for a number of observatories and stations. 

It is evident from the results that so far as anemometers 
are concerned a good deal depends upon the exposure of the 
station. The best illustration of this conclusion is furnished 
by the records for Falmouth where the Office maintains a cup 
anemometer at the observatory in the town and a pressure 
tube anemometer on the tower of Pendennis Castle, which 
crowns an isolated hill at the entrance to the harbour. The 
average results for the speed of the wind are represented in the 
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diagram (Fig. 29). Taking tlie radius of the outside circle as 
representing the velocity of the geostrophic wind, the first of the 
two inner curves represents the corresponding velocity as 
recorded at Pendennis Castle, and the second of the two the 
velocity at Falmouth Observatory. The variation of direction 
is not shown. It is plain from the diagram that the records 
from Pendennis show, about half the geostrophic wind for air 
coming from the west. The agreement between observed and 
geostrophic wind is better for air coming from the eastern 
quadrants, and reaches between 80 per cent, and 90 per 
cent, for the gradient direction due south, that is, when 
theoretically the wind would be due east. For the observa- 
tory we get a curve not very different from a circle the 
radius of which is about one-third of that corresponding with 
the geostrophic wind. 

It will be understood from what has been said that the 
relation between the observed surface wind and the barometric 
gradient is complicated partly by meteorological and partly by 
local causes which include surface friction. As one rises 
above the surface the effect of friction is reduced. Generally 
speaking the velocity of the wind increases and veers. A 
closer approximation to the gradient wind is the result. 

Hence, in dealing with this part of the subject we have 
to take into account the changes which take place as we pass 
to higher regions. In many practical ways the region of 
transition just above the surface is a very important one. It 
is in fact the region of greatest interest to the aeronaut 
because it is the region of his starting and lauding. At 
present we know that the actual velocity of the moving upper 
air agrees much more closely wdth the gradient velocity as com- 
puted from the surface pressure than does the surface wind, 
and, for the time being, we may regard the gradient- wind as 
the best estimate which we can give of the actual w’ind at, say, 
1,600 feet above the surface. Beyond that height changes of 
gradient may occur in consequence of differences of density 
of the lower layers. It becomes a matter of great importance 
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Fio. 29. — (leostropliic AYind Velocity compared with Local Wind 
Velocity at Pendennis Castle and Falmouth Observatory. 

The points N, P, K, AV, correspond with the directions of the fjeo- 
strophio wind. Assnminjj the outside circle to represent tlio 
geostrophic velocity, the inner curves ropreseni the corrospondiiitt 
wind velocity for the various points of the compass as reaistcvcil 
at Pendennis Castle and at Falmouth Observatory, at 7 a. in., 
in the year December, 1908, to November, 1900. 
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to aeronauts to form some idea of the mode of trau^^ition from 
the surfat'e ‘v\ind a« registered h> an aiieinoniettr near thu 
ground to tlie giadient wind Fnnn llie study of a large 
number oi ol^bervaiions with pilot balloons and kites, it 
appears that a fair w'orking rule may he got by assumnig that 
at any station the W’lnd increases as the height of the point 
of obserration above sea level increases, and proportionately 
to that height, and that the gradient velocity mat be regarded 
as the limiting velocity foi what may be called the surface 



Pig. ^O.—Piagram repve*«-pntini> the probable Yaimlion *>f ^\^nr^ ^ oloeity 
ith bervroen tl\t Vnomonu'lev llficrhl h, and tho PoMtion 11 

wheie the fi7»nheiit-wiiid for Siufaoo IsoIkus voiiched 

distribution of presMirc It tollo\A'^ that wo nviA h.iAo the 
following rough w orking rule tor oht unuia the change ot \ olocitA 
above the surface. Lot 0// (Fig. 30) bo the lioighl oE tlio 
anemoiiioter ^/lorr sou h vch OL the simdioiil velocity, hi* the 
velocilyrecorded In ll^o nnoinomoter. Draw the lim* UVpnvftUel 
to the axis 0/i. Join Or and produce it to moot tlio vorticnl 
UV in V. Then the velocity at .aUA height above h W’ill bo 
given by tbe distance from Oil of the lino A , and tho hoight 
at wliicii the gradient velocilA will lie reached is rcprcsenlod 
by OH, where H is the height of tho point V. For further 
information on this point the nicnioranduni hy the author on 
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Wind Structure in the report of the Advisory Committee for 
Aeronautics for the year 1909-10 may be consulted. 

THE EFFECT OF TURBULENCE OR EDDY-MOTION ON THE 
VELOCITY OF WIND NEAR THE GROUND 

When the last paragraph was written there was not much to go 
upon in order to make a rational, as distinguished from au 
empirical, formula, for the variation of wind ^vith height above 
the groimd. The most noteworthy point about the subject was 
that for practical purposes wind measurements had to be taken 
from anemometers which were exposed some on buildings, some 
on masts rising from the ground, with no regulation as to the 
height of the vane or the cups, and no knowledge of the effect of 
buildings upon the records. At many stations the wind was 
merely an estimate on the Beaufort scale for which a table of 
equivalents in velocity had recently been prepared. On the other 
hand, for reasons already given, the computation of the wind 
from the distribution of pressure could only be regarded as a very 
rough approximation. 

An examination of a large number of graphs of wind-velocity 
and height, made from the results of observations with pilot- 
balloons at Ditcham Park and with kites at Pyrton Hill and at 
Glossop TVIoor, showed that the tails of the graphs pointed directly 
to the " origin ’’ of zero velocity at sea-level. The rule suggested 
was put forward as an empirical method of giving a sufl&cient 
answer to a practical question, and it seemed probable that when 
applied to a measure of wind for an exposure like that of a flat 
shore, as compared with the inland exposures about 500 feet 
above sea-level, the rule would give a more speedy approach to 
the geostrophic wind; probably with some justification.^ 

But now the situation has changed. Not only has E. H. 
Chapman, in a publication of the Meteorological Office,^ examined 
the question from the statistical aspect and given a formula, 
y = a log + h, for the variation of wind with height above 

^ See M.0. 220(1, 1919. C J. P. Cave and J. S. Dines. “ Soundings with Pilot- 
Balloons in the Isles of Scilly, November and December, 1911.” 

* Professional Note, No. 6, M.O. 292 f. 
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ike ground, wtich is certainly more rational than the rule of 
variation directly proportional to height, but the whole subject 
of the efEect of the friction of the g]*ound upon the velocity of the 
wind in relation to the geostrophic wind lias been examined in 
connection with the theory of turbulence, or of eddj^-motion of the 
air, by G. I. Taylor. The conclusion which that author draws is 
that there is a simple relation between the ratio of the surface- 
wind W. to the geostrophic wind G and the angle of deviation of 
the direction of the surface-wind from the direction of the isobar 
towards the low pressure. Callmg this angle of incurvature a 
Taylor’s formula is 

W/G = cos a — sin a. 

The change of velocity with height follows an exponential law. 



Fig. 31. — ^Diagram showing the Relation of the Sea Wind and the 
Land Wind which would correspond with a Specified Geostrophic 
Wind according to the Theory of the Effect of Eddy -motion 
upon an Air Current. 

F. J. W. Whipple ^ has pointed out that the changes are indicated 
by successive points on an equiangular spiral of which the 
extremity of the line representing the geostrophic wind is the 
pole (Fig. 31). 

SO is the geostrophic wind. OPj, is the spiral which defines 
the efEect at successive heights of the friction of the land. SP,. 
represents the surface wind over land with ■W't= *37 G. OPa is the 
spiral which defines the efEect of the friction of the sea. SP^ 
represents the surface wind over the sea where W = ’G6 G. 

But the calculations depend upon assumptions as to the 
uniformity of density, eddy- viscosity and pressure-gradient that 
may not always he justified. 

1 “ Q. J. R. Met. Soo.,” vol. 46, p. 39 ; D. Brunt, ibid,, p. 175. 
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These calculations are derived fi*om the discussion of the efEect 
of eddy-niotion in the atmosjjhere wIlicIi opens ii[) a new and 
interesting department of meteorological theory. It deals uith 
the gradual ascent of air in consequence of tlic development of 
eddies which may be studied, for example, in the gradual spreading 
out of the smoke trail of a chimney or a steamer funnel in a passing 
wind which is full of incomplete eddies, or on a much vaster scale 
in the carrying up of sand in a simoon or desert sandstorm. The 
same phenomena are exhibited, on the other hand, in the inequali- 
ties shown in the direction and velocity of the wind as recorded 
on the pressure tube anemograph, on which the deviations of the 
wind from its mean value are roughly proportional to its mean 
speed. They are also probably exhibited in the formation of all 
kinds of cloud-sheets and most obviously in the strato-cumulua 
which marks the condensation-limit in the eddying mass. By 
its own turbulent motion it cools its own upper levels and to the 
same extent warms its lower levels if the ground is not too cold ; 
and forms fogs if it is so. 



CHAPTEE V 


THE RELATION OF TEMPERATURE AND WEATHER TO 
BAROMETRIC PRESSURE 

The simple regularilv of relationship to pressure which has 
been shown to hold for the motion of air has no counterpart 
in the case of any other of the meteorological elements. In 
order to approach the subject at all we must begin by giving 
special names to the various parts of a complex distribution 
of pressure. 

Following Abercromby, we may give a general description 
of the kind of weather that may be expected in the region 
where the isobars group themselves in the shapes known as 
cyclone, anticyclone, straight isobars, secondary depression, 
V-shaped depression, wedge-shaped isobars, or col. We can 
take account of many interesting facts characterised by the 
special titles of surge, level, and setiuenco of weather ; we can 
formulate the results of prolonged study of weather maps 
by defining types of weather, or, more strictly, types of 
barometric distribution, draw conclusions as to their rela- 
tionship, and hence, as to the sequence of types: but the 
statements will have to bo, for the most part, of a general 
character and liable to exceptions ^Yhich are sometiimes very 
disappointing for the forecaster. 

The absence of any rule of converse or reciprocity is 
perhaps the most striking feature about this part of our 
subject. AVlieu we were dealing with the relation of pressure 
and wind we could say with equal confidence, either, if you 
face the wind (in the northern hemisphere) the low pressure 
will be on your right, or if you face the centre of low 
pressure the wind will pass you from left to right, but we 
cannot do the same with regard to temperature, or cloud, or 
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rain, or enow, or fog. It is generally true that in winter a 
cyelono is accompanied by warm weather in certain pai ts of 
its area, it is l)y no means true conversely that the occurrence 
of warm weather in winter means that the locality is in a 
particular region of a cyclone. It is more often true than 
not that the front central region of a cyclone is rainy. It is 
by no means so frequently true that when it is rainy the 
locality is in the front central region of a cyclone. When it 
is foggy on land the weather is anticyclonic, but when the 
weather is anticyclonic it is not necessarily foggy. 

No doubt the reason for these important differences is that 
in the case of wind there is a mathematical or dynamical 
relation that may be called one of cause and effect between 
tlie wind and pressure distribution, and it is otherwise with 
the other elements. Eaiu is due to certain physical con- 
ditions which often exist in a cyclone but not exclusively 
there. Fog requires something in addition to a suitable 
distribution of pressure for its production. Thus the explana- 
tions which we are able to give of the association of tempera- 
ture and other elements with pressure distribution are only 
partial and provisional. As soon as we can give a complete 
^ dynamical explanation of the phenomena our statements of 
^relationship will become precise, and the converse statements 
,vill hold. For the present we must be content with the 
empirical results supplemented by such partial explanations 
on dynamical or physical grounds as we are able to give. 

I propose first to take the association of the different 
elements with selected types of isobars as described by 
Abercromby. 

In the preliminary consideration of the use of synoptic 
charts in Chapter III., we recognised two characteriatic distribu- 
tions of iaobars to which the names of cyclone and anticyclone 
have been given. We have seen that an anticyclone covers a 
region of light airs, and, we may now add, generally fair 
weather, often with fog in winter on the land or in summer on 
the sea, whereas a cyclone is generally associated with strong 
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1907. Maioh lb, 8 a.m. 



CoNvcii-sios Table. 


In. 

Mb. 

In. 

Mb. 

In. 

Mb. 

28-9 . 

978-6 

29-4: 

995-6 

29-9 

1012-5 

29-0 . 

982-0 

29-5 

990-0 

30 0 

1015-9 

20-1 . 

985-4: 

29-0 

lOOi-4 

30-1 

1019-3 

29-2 

988-8 

29-7 

1005-7 

30 2 . 

1022-7 

29-3 

992-2 

29-8 

1009-1 




Temporatures are given in figures ; tlie dotted line sliowh the 
isoSierm of 50° F., 283 t. 

Fig. 32. — Weather Chart of the Morning after the \yvceks of the 
Jehha and Suevic on the coasts of Cornwall and Devon. 

II 


F.W. 
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1009 . Docomber 3 , 7 a.m. 
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winds or gales, rainy or showery weather, rapid changes, and 
other characteristics of energetic action in marked contrast with 
the inertia and mild persistence of an anticyclone. Hence the 
cyclone figures much more largely in meteorological reminis- 
cence than the anticyclone* It may be useful here to refer to 
some of the cyclonic disturbances which have become historic 
on account of the destruction for which they were responsible. 

We have already seen Admiral FitzRoy’s representation of 
the Ttoyal Charter storm of 1869, and a representation of 
the depression which caused the wreck of the Great Eastern 
Railway Company’s steamer Berlin^ off the Hook of Holland, 
on February 20, 1907. With extracts from Abercromby’a 
book later on we shall give his representation of the Tay 
Bridge storm of December 28, 1879. In this chapter (Fig. 82) 
we give the chart of meteorological conditions under which, in 
strong wind with fog, the Elder Dempster liner Jehba and the 
White Star liner Siieric both went ashore off the south coast 
of England in the night of March 17 — 18, 1907. Fig. 33 
represents the pressure and winds of the notable gale of 
December 3, 1909, in which the Isle of Man steamer 
Elian Vannin foundered with all hands off the mouth 
of the Mersey. 

We add also charts for two notable snowstorms. Fig. 34 
shows the sequel of the depression which caused the snow- 
storm of January 18, 1881, The restricted area covered by 
observations on January 19 is an unmistakable sign of the 
damage to telegraph wires caused by the snow. The storm 
was a memorable one because it disorganised the railway 
service and deprived London of its milk supply. Personally, 
I have reason to recollect it, not only because I had to spend 
three days on a journey by railway from London to Birming- 
ham, but also because of the unique experience of seeing 
the platforms of the Metropolitan underground railway station 
at King’s Gross an inch deep in snow, which had been 
carried about in fine crystals by a very strong and very cold 
easterly wind. 

H 2 
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18S1. January 19 *' a m. 



Cowriiviov Table. 


Tn 

Mb 

, In. 

ATb 

In. 

291 

9Sd4 

29 4 

995 6 

29-6 

292 

98b 8 

1 295 

999-0 

29-7 

29 3 

992 2 

1 



The doited hue is the isotherm of 35® F., or 274 7 1. 

Fig. 34. — Ohait for the Moniiuj? folloTrini; ilic great buoWft^toim 
of Jaim.iry 
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AjO'O £f>, 6 
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1908. April 26, 8 a.m. 



In. Mb. 

29-4 . 995*0 

29-5 . 999*0 

29*0 . 10024 


Co^^VBRSiON Tahle. 
In. l^rb. 

29*7 lOOo-T 

29-8 . 1009*1 

29-9 . 1012*5 


In. Mb. 

300 . 1015*9 

.30*1 . 1019-3 

30*2 . 1(»32‘7 


Tlie path ol the centre of the depression is shown by a line of crosses 
with figures against its positions on the 23r(l (6 p.in.), 2-ftli (8 a.m. 
and 6 p.m.), and the 25th (8 a.m.) ; the position at 0 p.in. on the 
25th is shown hy the preceding figure. 

Pig. 36b. — Snowstorm iu Spring (continued)* 
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1916. March 28, 7 • .m. 



Temperatures on the Fahrenheit Scale are given in degrees. The 
iBotherm of 40° P., 277-4 t, separates the warmer part of the 
cyclone from the colder. 

The man should he compared with that of the great snowstorm of 
1881 (Fig. 34). 

Fig. 36. — Snowstorm in the Spring of 1910. 
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1910. January 10, 7 a.m. 



('ox VERSION Table. 


In. 

Mb. 

hi. 

Mb. 

In. 

ilb. 

28-6 

9G8-0 

29-3 

992-2 

30-0 , 

1015-9 

28-7 . 

971-9 

29-4 

995-6 

30-1 . 

1019-3 

28 8 

975-3 

29-0 

999-0 

.30-2 . 

1022*7 

28-9 . 

976-6 

29-6 . 

1002-4 

30-3 . 

1026-1 

290 . 

982-0 

29-7 , 

1005-7 

3.)-4 . 

1029-4 

29-1 

985-1 

29-8 

10U9-1 

30-5 . 

1032-8 

29-2 . 

968-S 

29-9 , 

1012-5 




The dotted line is the isotherm Xor 40® F., 277'4 1. 
Fig. 37. — Straight Isobars. 
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Another example of a depression referred to for its historic 
interest is represented in Figs. 35a and 35b. It was the 
occasion of great snowstorms occurring after Easter on April 2^ 
to April 26, 1908. Again my personal recollection aids my 
meteorological memory, because in the failing daylight, about 
7.30 p.m. on the evening of April 25, I found myself in the 
setting of a winter landscape appropriate to a December after- 
noon held up by snow for three-quarters of an hour in a 
London express on the North-AVestern main line between 
Stafford and Rugby, and doubtful whether the train would 
reach it destination. 

To these we now add a chart for March 28, 1916 (Fig. 30) which 
represents a deep depression wliich gave from 5 to 10 inches of 
snow over the Midland Counties of England and gusts of wind 
approaching hurricane force at Benson (near Oxford), Kew 
Observatory, Spurn Head and Yarmouth. 

CLASSIFICATION OF THE FORMS OP ISOBARS 

The examples cited will be sufficient as illustrations of 
the grouping of isobars known as cyclones or cyclonic 
dejyressions. We have already considered examples of 
anticyclones in Chapter Ilf. (Figs. 16, 17), and we shall revert 
to their consideration in a subsequent chapter. We now 
proceed to the illustration of other groups of isobars according 
to the classification used by Abercromby and, indeed, by 
meteorologists generally. The illustrations are taken from 
the Daily Weather Report of the Meteorological Office. 

Fig. 37, for January 10, 1910, gives us an example of 
straight isobars. It is evident that they represent really the 
intermediate region between a cyclone and an anticyclone both 
of vast area. The whole region is practically the theatre of 
action of a vast westerly current with an almost uniform 
gradient extending altogether over two inches of mercury 
between the Mediterranean and Iceland. The reader should 
notice the variability of the weather in this great river of an 
which seems, at first sight, to be so unifonn. The Icttora 
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indicate Ihe state of the sky at the several stations, the black 
dots show ^vhel'e it is raining, and a black triangle denotes 
hail. An inspection will show that blue sky, detached clouds, 
overcast sky, rain, drizzling rain, snow, passing showers, hail, 
lightning, and fog are all to be found in different parts of what 
seem to be on paper perfectly similar meteorological conditions. 
It is indeed fair to remark that the varieties of weather under 
straight isobars are among the most interesting and at the 
same time most perplexing subjects of meteorological study. 
In passing, I should like to call attention to the difference of 
temperature in different parts of this great current, and for 
this purpose I have had clearly marked the isotherm of 40°, 
which separates what may be called the warm part of the 
current from the cold part. Notice that the cold has encroached 
from the northward in the west, because we shall draw 
attention to similar encroachmentb in Chapter XI. 

The next item in the classification is the secondary 
depression. This is the name given to any distortion of the 
symmetry of the isobars which may he represented merely by a 
sinuosity, or sensible deviation from the symmetrical run of 
the isobar with corresponding alterations in the direction and 
strength of the wind, or it may be exaggerated until a 
secondary centre of low pressure with its own wind circulation 
is shown. In either form the secondary is a very difficult 
subject for the forecaster, because we have as yet no general 
explanation of its occurrence and its influence upon the 
weather. Even when it is only shown as slight sinuosities 
of the isobars its influence is very marked. As regards the 
wind, it is clear that for a deviation to the southward in the 
isobars of a depression centred in the far north, we have an 
exaggeration of wind in one part and reduction of it in another; 
and, as regards the weather, the passage of a secondary is often 
attended by rain squalls, or even thunderstorms. 

Recently, in examining the results of observations of pilot 
balloons, I have been struck with the occasional occurrence 
of an upper wind of great vertical thickness from a northerly 
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1895. March. 21, 8 a.m. 



CoNVBiisto.v Tvble. 


] n. Mb. 111. jrb. In. Mb. 

28-5 9b51 20-1 n8.*54 29-7 I0(),V7 

28-6 908-5 20-2 988-8 29-8 1009-1 

28-7 971-9 29-3 992-2 29-9 lOl'i-fj 

28-8 075-3 29--^ 995-0 30-0 lOl.i-O 

28- 9 978-0 29-.5 nOO-O 30-1 1019-3 

29- 0 982-0 29-0 1002-4 

Tlie dotted line is the isotherm for 45® F., 280-2 t. 

Fig. 38. — Small Secondary Depression, -with Ceniro over llio 
South-East of Ireland, giving rise to very strong Gales. 






108 FOKECA>STTNG WEATHER 

or n orfcli-’vrostorlT pi >inl abc*vo a suri j ce ^ind from f he 
south or sonih-wojit, Tliev wore iiirariahlr iollo’ived bj 

the appear.iDce ol a ‘^ecciid.irr dej^ressioii. At the tirne these 
upj'jcr triiivls were regarded as ihc outfloir from above a central 
region of low prt'Ssurc over the 1 ('eland seas. But Burs Ballot’s 
law pl)lnt^ to them as eA-idcuce of a centre of low pressure in the 
np])er air to the nuth -eastward and i>orhnpp to the shift of the 
axis of the np]>er ])art of a low-pressuri* system through some few 
Lundteil kiloniefros in that diroetion. A secondary might also 
])e iIk* coii-Mnjuenee ol such a displacement after the manner 
iiiduated in Clnq^ter X.. p. 8I;k 

Ihe first illustration of a secondary depression, that for 
March 21. 1895 (Fig. 8^;, is one which shows a detached centre. 
It will recall tn many Cambridge men a Sunday afliernoon when, 
without any rainfall at all, hundreds of trees were blown down 
in a hriet space of lime between 2 o'clock and 4 o'clock, 
and many of the streets were rendered impassable by fallen 
timber. The havoc wrought by the slight accenUmtion of the 
isobars on the southern side of the secondary centre extended 
from South Wales lo !Sorfolk, and the remains of it are still 
visible in many places. The wind in some cases cut a clean 
path, recalling the tornados oi the Vniied States. The mai» 
shows rain in the immediate neighbourhood of Ihe centre of the 
secondary at 8 a.in., but apparently rainfall w’as not necessary 
to maintain the energy of the disturbance, for none fell in 
Cambridge during its passage.^ The tomperatui'e distribution 
in this case also is very remarkable, as shown by the area 
enclosed by the isoilierm of ^5^. 

The transitional stage beiw’eon the mere sinuosity in the 
isobar and the (detached and almost independent centre of a 
satellite depression, is aptly called the V-sliaped depression, 
because a series of isobars have that shape and it is easily 
recognisable. Almost any succession of weather charts w’ould 
furnish illustrations of the various forms of secondaiy 

^ Further mhinnation about this secondary is given in “ I’roo. Etrv. Woi,,’ 
vol. 94 a, pp, 84— S2. 1917. 
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CoNMistoN T ^n\\ 


In 

Bfb 

1 

^\h 

In 

^\h 

2s 7 

971 9 

1 2‘^ 2 

9ss S 

29 7 

lOOi 7 

2hS 

07“^ 3 

29 1 



1009 1 

2S1 

978 (> 

29 4 

1 

99 > (> ' 

' 29 9 

1012 » 

2‘l U 

982 0 

29 ) 

999 0 

.10 0 

ion 9 

29 1 

985 4 

1 29 6 

1902 4 1 

.10 1 

1019 1 


TLo isotlioinis aio lor 10 I’ , 271 0 i , xtid 40° V , 277 4 t 
Till 30 — S<>roii<l u i(»s 

Tigs 30 In 44 foim 1 senes of Cli >1 u)\miis> i Mirrc^'^ion of soeiuidaT \ 
deprissioiis A slia]>od depressions .iiid sinuosities in the l^ul)alb in 
the period Decern bei 10 — 24 lOOO 






Tli( dolled line is The i«<f>11itrjn of 3(1 T 271 ) t 
The Imc of ciossps maih^ ihe palh of the cciiijc 

Fia 4-0 — Sinuosities in IsoL'us 
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Fig. 42.— V-sbaped Depression with its Axis nearly along tbo 
Isotlierm of 40“ F., 277-4 1. 
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277-4 t., and 49“ F., 
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Fig. 43. — -shaped Depression already shown in Fig. 42, followed 
by another with its Axis nearly North and South. 


F.W. 
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depresBion. I have taken the series from December 19 to 
December 24, 1909, because that period was marked by 
secondary depressions of every variety. 

Fig. 39, for December 19, shows what may be called a 
primary depression over the Gulf of Bothnia and two detached 
secondary or satellite dopj-cssions, one over the British Isles 
and the other over the Bay of Biscay. The snow on the 
north-eastern side of the former is noteworthy". The chart 
for December 20 (Fig. 40) shows the secondary almost merged 
in the primary, but there are a number of sinuosities, one of 
them giving rain at Liverpool. December 21 (Fig. 41) shows 
a new depression coming on which proved to be of great depth 
and which developed a V-shaped modification on its east side by 
December 22 (Fig. 42). The V shows very clearly the invasion 
of the region of easterly wind by a southerly wind with a marked 
difference of temperature, and rain or snow over the junction. 
The 40° isotherm, which has been drawn on the chart, marks 
the separation of the warm and cold currents. This particular 
example of the V is interesting to those who experienced the 
changes of the night of December 21, I was in Birmingham on 
that occasion. The evening was bitterly cold with a penetrating 
east wind. At 10 o’clock it began to snow, and much snow fell 
between 10 o’clock and midjiight ; shortly after midnight the 
southerly wind displaced the easterly at the surface, and rain 
with a sudden thaw supervened. By morning the enow had 
disappeared. Such sudden changes are characteristic of 
V-shaped depressions. 

On December 23 (Fig. 43) the remains of the V-shaped 
depression are shown over Denmark, but another is shown on 
the same chart over Ireland. Notice that the changes of 
temperature in the two V’s are of opposite character. The 
axis of the new V is running from north to south instead of 
from nearly west to east as in the old, and we note a cold 
wind displacing a warm one as the trough of the V passes. 
The isotherms for 40° and 49°. which are shown on the chart, 
illustrate these curious temperature relations. 

1 2 
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1909, Doocinler :29, 7 a.m. 
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The lino of oros^ea marks ihc pa1h oi i1jo centre ol the 
TeUipeTalnrcs are given in Faluenheit degreo'-. 

Fig 4.1. — Wedge-sLapeJ I^ohars 
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By 7 auiii.j, IieLJtmiiwr 24 iiu ih<? la‘'t ol the series, tlie 
T?itrt.ilifr lixs.= hecniLt- fii^e over EniilauJ, the or3;;inal Y ha^ 
l)tL4)iLie d (it lathed i?tc Jidan +^T\e'dtn. and the second V 
it anyvyhere. over Iho Lav of ih^eay. 

Fig. 4.' leprefetnis the chan lor DeceinJ^Dr 29. 1909, and 
]B reiToduted ap a aooH speeimen of a utJuc^ the noithern 
extension of anTiet clone Ujru'st het\^ een t’ff o loii very much 
the interse of a Y-^Lapea depresirlon as regards winds, but 
tjUJte differeiiL from It inmtteorolngj’ccd character. It is often 
the occ^i^ion of most l)ril3iant weather. 

Fif;. 4d represents what is known as a («/, the saddle- 
Bljaped rej^ion l^etween two lows and two highs. lU weaiher 
is of a very dulioue character. In the summer it ie often a 
r^^ion of thuniltr'-ioniis. on this particular occasion it seems 
to ha\e ]jeen a re-^jrn of overcast sky and fog. 

Th^“ Ifi'-t of th- cliirts vo ro]<rfs(>nt Aberoromfay’s classifi- 
cation nf isidjiU’- d ♦ tLo5;p fur July 20 and 21, 19<’»9 (Figs. 
47a and 47l) wtm'i stlt^cted to ’-'how what lie calls 
surge ’’ — that is to t ptiuiai alteration of p»‘ebsure that 
seems TO be superpo-^td upun the changes related to a low- 
jiT-tsbure centre. The change will be best followed in this 
case by noiing the position of the ■29’9 isobar and the readiTigs 
for the mi Idle region of the an tic;^ clone to the south. Notice 
that in the interval between the two maps the middle region of 
a depression ha^ moved from the hOuth-west of Iceland to the 
Faroe, and the depression has deepened. The 29*9 line has 
l)ulgcd and travelled to the southw'aiJ, while the anticyclone 
has lost *2 mcli from its intensity without much change of 
shape. Thus, it would ajipear that in consequence of some 
general atmospheric change, pre&sure has diminished by one- 
fifth of an inch over nearly the whole map, w’hile the Icelandic 
depression has moved ea'^tward and spread southward inde- 
pendently of the general change. 

The types of isobars which have been represented in this 
chapter are all associated wiTh the characteristics and bohaviour 
of cyclones and only incidentally afford material for the study of 
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1922. March .SO. 7 h. 



Pot another example see 1911, May 27, 7 a.m., which was preceded 
by rainfall of 2-016 inches at Great Billing Bectory, Northamp- 
ton, and of 1-44 at Belvoir Castle, on the north side of southern 
low ot col. 


Pig. 46. — Col. 
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the relation of a cyclonic depression to its environment. The 
peculiar character of the weather of the British Isles in the year 
1921, when the rainfall of a large part of England, especially of 
the South-Eastern and Eastern districts was about half the 
normal allowance, has naturally led to a close scrutiny of the 
daily maps in the endeavour to detect the causes of the prolonged 
drought.'^ The most general conclusion to be gatliercd from the 
scrutiny is that there was established from time to time over the 
southern part of the kingdom, with much more than the usual 
frequency, especially in the summer months, a ridge of high 
pressure, connecting the permanent anticyclone of the Atlantic 
Ocean with a north polar anticyclone indicated in the map of the 
normal distribution of pressure, between the great cyclonic 
circulation of the summer monsoon of Asia and the cyclonic 
circulation centred, on the average, near Grreenland. These two 
great circulations gave, on the one side, a north-easterly or 
easterly current from Siberia towards the permanent North-East 
Trade ofi the coast of Africa and, on the other side, the great 
stream of air from the west across the North Atlantic turning to 
the north-east along the Norwegian coast. From time to time 
between these two great currents lay the ridge of high pressure 
which fluctuated in intensity and in position ; and whenever it 
was established gave a corridor of ridge-weather over the British 
Isles with typical fine-weather conditions. 

Such conditions are not unusual south of the English Channel, 
but, in the year 192J , the ridge of high pressure and the corre- 
sponding fine weather were further north than usual. The 
corridor is always liable to be invaded and interrupted by cyclonic 
depressions of the Atlantic, mostly centred on a line to the north 
of \is ; but not infrequently in ordinary years the centres of the 
depressions pass up the Chanucl or across L-eland and England, 
In 1921 many approached and threatened the rain that was much 
needed, but they were apparently restrained from doing more than 
produce cloudy skies without rain. 

Some of the maps gave a definite impression of the movement 
of a vigorous cyclone being barred by a broad current of air from 
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190!). July 20, 7 a.m. 



Fig. 47a. — Surgo. 

Figs. 47a and 47b show general “ surge ” of low pressure from 
tile north superposed upon the details of pressure -distribution. 
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1909. 21, 7 a.m. 
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The isotherm is for 60® F., 288-6 t. 

Pig. 47b. — S urge. 

Figs. 47a and 47b show general “ surge ” of low pressure irom the 
north superposed upon the details of pressure-distribution. 
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tlie east. It is ])erhaps desirable to recognise such a distribution 
as a type of isobars worthy of a place in our collection. We offer 
two examples (Figs. 18 and ‘19). The first presenting the map for 
7 a.m. on Friday, November 18, shows a well-marked low ” over 
the Atlantic and a vast stream of air extending from the Gulf of 
Finland to the Mcditen-anean flowing against the isobars of the 
Atlantic “ low/’ dividing and sprcadijig noxi;hward and south- 
ward, forming a lo’w ” over the Bay of Biscay on the one side 
and exaggerating the ‘‘high” over Finland on the other. The 
second, presenting the map for 18 h. of Saturday, November 12, 
shows very similar conditions, though the Atlantic “ low ” is 
more vigorous and the easterly stream less so. The latter shows 
very clearly by the dotted line of 1,022 mb. an anticyclonic 
ridge between the easterly and westerly air connecting with 
another high pressure east of the line of the Norwegian mountain 
range. 

The ridge may fairly be said to be guided by the coastline of 
Europe from the high pressure of the Atlantic to that of the 
North Polar regions if -we can regard the massif of Norway, for 
meteorological purposes, as an outlying island beyond the main 
coastline of the Continent. 

How far the apparent influence of the easterly air impinging upon 
the Atlantic ‘‘ low ” represents a real dynamical effect we cannot 
say ; the maps are very suggestive of the well-known experiment 
of a spinning ball supported by a jet of neater. Even if that 
suggestion is too grotesque for serious consideration, the grouping 
of the isobars is instructive and does not come within any group 
already recognised in this chapter, nor does it appear as belonging 
to any one of the twenty-eight types in the classification by 
Lt.-Col. Gold described on p. 173. It is, however, probable that 
its absence is due to the limited area represented. Type VIIc. of 
that clas.sification would probably show the structure which we 
have described if the lines were carried out further to the west. 
IrVe should probably find it in many of our maps if we had details 
over land and sea to the south of us. 



The isotherm is for 50° F.. 283 t. 

Tlo. 48. — Aolivc Easterly Current. The advance of the low to the 
Roiith-wcst ot Iceland appears to be re-sisted bj" the easterly 
curient bet^^cen the White Sea and the Meditciraiiean. 

Note the col of high-pressure between the south-westerly current 
and the north-easterly current off N.AV. Spain. 

The lows in the south are suggestive of eddies in the diverted stream 

A map of this type for 7 h., July 9, 1923, in which the cuirent Iroin 
the east was very warm, 'while that from the Atlantic ua^ 
cool, is notable a* the precursor of a thundei storm in liOiulon 
in the j light of July 9-10, said to be the ino^t iinpiessivc 
within living inemoiy. It occurred in the course of a sjicll ot 
hot "weather quite typical of isobars for cast wdnds at that time 
of year. 
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MiU-wlicol isobars. 



Isotherm 32® F., 273 t. 

Fig. 49. — Broad Easterly Current of Wind flowing between Finland 
and Northern Africa impinging upon the Eastern Margin of a 
Cyclone on the Atlantic. 

Note the tongue of high pressure (1.022 millibars) over south-west 
England between the easterly and westerly current ; also the 
spread of cold air from the oast, and, in the inset oharli the 
cGscontiiiuity of wind between Faroe and Iceland. 
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THE PARTS OF CYCLONIC DEPRESSIONS 

Not only do we require this classification of the forms of 
isobars, but we must be able to distinguish between different 
parts of the several units. The different portions of a cyclonic 
area present different general characteristics. The front and 
the rear of a V-shaped depression present almost opposite 



Fig. 50, — Nomenclature for Parts of a fully developed Cyclone. 


characteristics. As a rule, the barometric distribution travels 
over a stretch of country with comparatively little change of 
form, and the path of the centre or minimum is a line of great 
importance, sometimes straight, generally curved, to which the 
characteristics of the different parts are referred. A line drawn 
through the minimum at right angles to the path is called the 
line of the “ trough.” It corresponds with the occurrence of 
the lowest barometric pressure at all stations affected by the 
depression, 'wheLher they are in the direct line of advance of 
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llie lumTO an. r r-ct. The n^rt c^i the <it-pre=->3>n on the 
a'ivan^.e -is i? r lim.cL is li Jlti Iht {roni. the TtiDBininrr 
pnTihfcTtiJi i“ . h ir jiuiiniii .i iht Lelw^^en 

the line of thi. luih ai il the irnTjrh Imt on the ri Jt-bsud 
aidtr of tht } iih of the depr->-I ^n as it xxdTanee*:., called 
The ri:rhl ■'T* lit tLo ►’*oTro'>]5onihn£r ijTiaJrant on the otbai 
side of the pt ih 3- the Idl front Ihib 'l^«ign 3 IleIlt of naue^ 
to the diS.it" 1 iuJi> oi a tTLloiUv area is represviiled in 
Fig .’“ 0 , 

CHARTS FOR EXTENDED REGIONS 

'When wc a*”! utahn^ tvith i liiniied area liLe that of the 
Bniit-h Wts, am one iht spetn^ gT«inp& of ibchars absne 
nitnijoiied n a^ ho re^aidel a^ Lomrollhig nnr tjreatiicr. The 
gi'adnal n uf area tithei lor tht. prex>araiioii ol charts 

troja day ii J it 01 f a tbt ^pew•lll pnrj^OBet of '^indv a«^ 113 iLe 
evampk nt tiit Atl^niti eiuris iL»r the 13 months. Angii-.t 
18S2 to Atu i^t, ]^n 8, enable- as to regard tht'.c eronps of 
isobars as 1 irnii'j- pins of a eomplt^ Tprc-^^ai't li-tiil atacr 
Fii^s. 1)1.1-^ O' cla]>tfii VI.. thon 3e]‘rL>'3ticuoiis thn* 
of ibe Atlajim lLj rs. aiil ii]*lt tht^n 'we can find iIliiMraiioti' 
of eVtiT 1.s]aMl grojp oi i- 1 lr^ ]i ire tva'tch *^hL tian^- 
tiMiiatiuns nixue plate over tt t .U'-.i is repieseiittd on ?nc- 
ce'^-lve ma}.-, nv sL.dl find ii itdfiialT to ittiin ilie idea of n 
separate e\i-trncc oi thest oi i^ohars in the 

manner su..,..,e-ied l;^ a alnd\ of the nini- for more himttJ 
regions. ]t i-. hot^erer. in mam t^a^- conienieni lo hevji 
that classilicili )H in oiir mirh and m -h.jll thtri.fou deal 
"Ptith the iclfliion id temptrai ic ai d Teathti to the stluti 1 
groups of isiibai-., AMiLii Jiait ^,ot the geniral ldea^ ot 
assofjalior t v]>resserh we ttill ibe leader io go into fnilhe» 
Riifl more ]irefise 'h ml as a ^Icn in the direction ottraang the 
plnsical GM'l.matioii which iindiihe-. ilu phenomena 

TEMPERATURE 

A<5 regard V i!m]u7«iiiiu 1 c*mn(d do billon tlian kI t to The 
examples in Lhapter IV., and rah attention here to the 



ctaii ior pLiuaun f !l , In rlLi^ L*a^4^ Iht 

irf •tluJTiu-, 'H Lijri- lii ieuipmiimv, v:hli*h aiv 

ou a -t])ai'ait‘ lIiliH oi ijbt l)alh LeinirL. art F-ujhrJ- 

posed as iu ]irHvi licTiiv-- ui>i^n the pri^ssure moj)* Tliv 
reBuli siriLnit Tlit are.] ol -wiirnitt on iLf Mtuin 

and o? iL- ihollien oi 40 iiu hides ths sopThci n 

didt and iLt iis^m i’*ont oi iLt i;^(loinc chpivssioi. mLu. ') 
IS idle coiisi'ieuous ieamn’ ui tli< chritribiujon of pmsisuri 
Itpraciicalh euvers ah iln vands 'mweii S)iilh aim t'Oiilh 
west. These winch are T^ann. Tnert is n notrwoitljj 
demarcation helween tiiem and the south -easkTlT lot^nitherly 
winds ciominp ir(>iL 1 raiic^ aiul C^entral Euroju are 

cold. Tliej’t as a shiU']- fall of temjx^raturt lietween the 

sonttiern and northern ])arts oi the dtjw.^'don . ihi"* triLnsiiion 
is quik' abrupt auJ amounts lo ohont jO F. The u oldness 
extends to tne i-i^h li oi lii-***!, which cros-^es the ronii of 
Scotland near Inveiijes- Fun tier north a socMndiirv diinrs 
sion is shotMi, and lietT^een tli-' ^ecoILdcl^T ('mre and the 
piimaiy is a tfutn oi ll:i[iir airs und iuttBse aid, js ]u\t as 
F- It is cold. uiJMUt ill) F.. oTu* e.isl-cenira] Fmoj^e 
where there is reLitivt‘h Ui:;h preseuns and another locjlitj 
of intense cold, htdo^ zero ]'hLiinj''meii, is to l>t‘ found ov+^r 
Sweden in a nouhej-n tAOensicn of the conunenLal hi^h 
pressui’e which forms a wedf;e ihen’. 

This distribution of kinjiiU’dlure h quite lyiuial rd winl-tr 
conditions, and it illustrates the great difficulty that there is 
in dealing with considerations of temin ratui v. Notice ])arucn- 
larly the wont of symmetry as regiuds the <listrihutiun of 
temperature in the cyclonic area. Insiread of l»eii!g related to 
a centre lite the })]’es&ure or the wind, and increasing or diiuiii- 
iahing in all directif^Ls outward, it is arranged in lines ^^hicli 
traverse the cycloiic^ i^neoflhom \>hich crosses the centre is 
merely an arhiirary line in a steep slope of tempei'uture fi’om 
south to north- The existence of such a dividing Hue is 
ahnosl conclusivo evidence against the common view that the 

^ The tender i»hould lefci ici Uii« diatram in i‘f>n*^ii^«»nnc thfr description of the 
polar fuint on p. IDt 
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The isotherms are for 20® F., 266-3 1. ; 30® F., 271-9 1, : 40® F., 277 4 t. 

Pig. 61. — Chart showing the Relations of Pressure, Wind, Tempera- 
ture and Weather in a Cyclonic System. 

Note the occurrence of snow in the northern part and ot rain in the 
southern part of the cyclonic depression with its centre near 
Holyhead. 
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air iu any part of a cyclonio area may be regarded aR having 
described a considerable part of a revolution. In this par- 
ticular case it seems unnecessary to spend lime iu arguing the 
obvious proposition that none of the warm air in the southern 
part of the cyclone is supplied from the north, and none of the 
cold air in the northern half of the cyclone has come from the 
south. Any rotation round the ceiitre has stopped short of 
allowing the separate air corrents to trespass on each other's 
grounds. 

DIURNAL VARIATION 

With regard to the disiribution of temperature shown on the 
map, it is desirable to notice particularly the two areas of 
intense cold. They are quite local and are to be attributed in 
these two cases to the elieet of radiation from land areas io 
the clear sky in a calm atmosphere during the long night. 
Probably we should find, if investigation were made, that they 
were not only restricted in area, but also limited in their 
vertical dimension. A captive balloon would almost certainly 
show that there was warmer air above ihe cold air -pool, and 
this suggests a remark upon the great diflieulty that exists in 
dealing w’ith temperature in meteorological work. As observed 
at a meteorological station, it is sulqect to great diurnal fluc- 
tuations on account of the exposure of the surface to the heat 
of the sun by day and of the loss of heat by radiation to the 
clear sky at night. It is, of course, not always sunny by day 
and not always clear at night. When it is overcast the diurnal 
variation is much less, but it still exists ; the observed effect is 
a complex result to which the w'holc surrounding country, 
whether consisting of sea or land, or partly sea and partly 
land, contributes.^ The diurnal change at a station in the 
middle of a continent is very largo compared with that at an 
island station. On the sea itself there is practically no diurnal 
variation at all. In clear weather in England it may be as 

1 >Ir. J. T. Buchanan found a diurnal variation on Ben Neris. in foggy 
weather when the observing station had been enveloped in mi<^t for at least 
three clays. Buchanan Trans. R. S. E vol 39, Xo. 31. 

F.W. K 
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groat as W F., 2d’4 t. (See Fig. taken from “Second 
Rej)ort of the eteorological Committee, 1907,” p. 16.) 

The diurnal variation affects a synchronous cliarfc in a very 
BXDecial manner. The region of the daily weather map of the 
Meteorological Office extends from the Azores in Long. 28“ W. 
to North Sweden in Long. 25° E., and the difference of 
longitude implies a large difference of local time and 
therefore of local temperature. Thus, when it is sunrise at 
Greenwich it is two hours before sunrise at the Azores 
and nearly two hours after sunrise at Haparanda. There 
are consequent differences of temperature which make a 
temperature chart for 7 a.m. a structure of very complicated 
meaning. 

Associated with the diurnal variation of temperature 
there is an equally well-marked diurnal variation of wind 
velocity. The hourly averages sho^v a marked decrease of 
wind velocity in the night hours as compared with the day 
hours. This noteworthy variation is attributed by Koppen and 
Espy to the mixing of the lower layers of the atmosj^here 
by convection due to surface heating during the day. The 
average diurnal variation is practically obliterated by the 
passing of a cyclonic depression during the night hours, and 
to that experience may be attributed the common sense of 
unrest that is associated with wind during the night. 

Besides the diurnal variation of temi)erature there is the 
seasonal variation which is also a very comj)lex resultant of a 
multitude of thermal conditions. 

In endeavouring to deal with considerations of temperature 
in relation to barometric pressure we cannot help feeling the 
^^ish that there were some means of “ correcting ” tlie observa- 
tions for local influences of surface \vhich are shown in 
diurnal and other variations, somewhat in the manner in 
wliich pressure is reduced to sea level. But unfortunately we 
have at present no means of kno\\ing what the magnitude of 
such a correction ought to be for any particular occasion, and 
the statistical result applicable to the average occasion does 
not help us. 
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By the contrast between the temperature of the southerly 
wind from the Bay of Biscay and the southerly wind from 
Central Europe the chart of January 28 suggests another 
point ^Yith regard to temperature, namely, that the temperature 
of any specimen of air depends largely upon the region from 
which it has come. A further complication is thus introduced 
into the interpretation of the distribution of temperature and 
its relation to pressure. We shall return to this point when 
we consider later on the details of the circulation of air in 
various pressure distributions. 

ABERCROMBY’5 STATEMENT OF THE PRINCIPLES 
OF FORECASTING 

The general distribution of weather associated with a 
cyclone or with other typical groupings of isobars is very 
clearly set out by Abercromby, and I quote, therefore, his 
“Principles of Forecasting,” p. 10 to p. 35. Exception may 
be taken to the generality of some of the statements for 
reasons which will be apparent from what is said in subsequent 
chapters, but they give the general ideas which have been 
employed in forecasting in the i^ast thirty-live years, and 
they have therefore been quoted as Abercromby gave them. 

“ The intensity of a cyclone is measured by the maximum 
steepness of the gradient in any portion of it. If this exceed 
0*02 inch per fifteen nautical miles, then the cyclone may be 
said to be of considerable intensity. 

“ By the expression the level of a cyclone is meant the 
barometrical reading at the lowest point. If the lowest point 
in the cyclone is above 29*9 inches, we may call it a high-level 
cyclone; if below that a low-level one. 

“ The life of a cyclone is measured by the number of days 
during which it can be traced on synoptic charts. The length 
of the life may be anything from a few hours to about t^venty 
days. Any cyclone whose life is less than twenty -four hours 
may be called short-lived. 

“ Now for the details of wind, weather, temperature, etc., in 
different portions of a cyclone. 

K 2 
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The temperature is always higher in front than in rear ; 
the warm air in front having a peculiar close, muggy character, 
quite independent of the actual height of the thermometer. 
The cold air in the rear, on the contrary, has a peculiarly 
exhilarating feeling, also quite independent of the thermometer. 


12-79 
G P M. 



Fiu. o2. — Chart of Isobars and Winds for the Tay Bridge ” 
dtorm of December 28, 1879. (Aberoromby.) 

“ 'i’he front is always very damp, especially the right front, 
while the rear is dry to a marked degree. 

** The wind blows round tho centre in a direction contrary 
to the motion of the hands of a watch which is lyiug hori- 
zontally with its face upwards ; but as the direction is slightly 
inclined to the isobars, on the whole the circulation is an in- 
going spiral. The amount of incurvature is usually greatest 
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in tlic rigkt front and least in tlie rear of the cyclone, bo that 
fiomeliines the pa^asage of the trough ib marked l)y a sudden 
shift of Aviiid. In Fig. 52 \\o give an illuBCration ot excep- 
tional incurvature. In the latter instance the 'wind at the 
point marked H is almost due south, wliile at K, some sixty 
miles off, it blows from the west, because the trough of the 
cyclone pafabes between the two places, whence it is evident 
that as the cyclone moves along its path, marked by the 
crossed line, the wind at the station H will shift suddenly 
from south to west, that is, eight points of the compass. 
This diagram gives the synoptic conditions of the United 
Kingdom hour before the Tay Bridge was blown down by 
a violent gust. The chief interest of this species of incurvature 
is its bearing on the conception of a cyclone, for the sudden 
shift of wind was long held to be incompatible with a revolving 
storm. Now, by means of charts, we see how the two ideas 
are possible. 

“ There is reason to believe that the amount of incurvature 
is partly dependent on the velocity of the cyclone, but the 
reader must avoid the error of supposing that the wind in a 
cyclone is compounded of simple rotation and translation by 
the so-called parallelogram of velocities. 

The force of the wind depends almost entirely on the 
gradients. In the centre it is dead calm, and the steepebt 
gradients are usually found at some distance from the centre. 
The direction from the centre in which the strongest arc 
found depends on the position of the surrounding areas of 
high pressure, as will be abundantly illustrated further on. 

The relative steepness of the gradients measures the 
intensity of cyclones. Take, for instance, the cyclone shown 
in Fig. 15,^ and conceive another of the same size and shape, 
moving in the same direction at the same rate, but in which 
the isobars, instead of representing a difference of 5 mb., 
represented a difference of only 2 ]nb., then we should have 

^ We have used the illustration of Fig. 15 instead of the one figured by 
Aberoromby, and altered the test accoidiugly. 
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two cyclones diireriii^ in noLliing evcepL ‘ iiiUitisiLy,' which 
would be greater in the iirst than in the second ; and what 
was actually a violent gale from nearly every point of the 
compass in some part of our islands would have been replaced 
by mere breezes from the same directions. Of course we 
cannot find such an instance in practice, but if, instead of 
Fig. 15, we had given an example of a cyclone of high level 
and very slight intensity, we should have found that Ihe 
general nature of the circulation was identical, only differing 
in force. It is a fundamental principle of synoptic meteorology, 
that wind, and, as hereafter we shall show, weather also, depend 
on the shape and gradients but not on the level of the isobars. 
Later on we shall explain the import of a generally high — or 
low — level cyclone. From this w’e arrive at the important 
conclusion that there is no difference between ordinary weather 
and a storm except in that property called intensity^ and that in 
this countiw a summer breeze and winter gale are equally the 
product of cyclones, w^hich only differ in intensity. Hence, in 
forecasting storms, we have not only to foresee the arrival of 
a cyclone, but of one possessing sufificient intensity to cause a 
gale, and in tracking a gale it by no means follows that the 
same one causes a storm during every day of its existence. 
For instance, on August 14, 1873, a cyclone was formed a 
little west of the Cape Verde Islands, which passed as a hurri- 
cane round Bermuda, to Newfoundland by the 27th, after 
wdiich it crossed the Atlantic and Gi’eat Britain as an ordinary 
cyclone, till ii died out in Norway on September 2, and 
gave rise to nothing more than moderate breezes. 

“ Observation has also shown that a deepening cyclone is 
increasing in intensity, while one which is filling up is 
decreasing. Whence, in watching the progress of cyclones 
by telegraph, it is very important for forecasting to note 
changes in depth, as well as any other indication derived 
from the configuration of the isobars, or even from weather 
prognostics, which experience has shown to be associated 
with intensity. 
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“The broadest feature of the weather in a typical cyclone 
coiibisls of an area of rain near the centre surrounded by a 
ring of cloud, but both the rain and cloud e\teud further to 
the front than to the rear of the centre, as in Fig. 63. When 
we come, however, to examine the nature of the cloud and 
rain as well as the general appearance of the sky, we find that 
the cyclone is also divided into two well-defined halves by the 
line of the trough. The front may be further divided into 



Fig. 63. — Gonoral Distribution of Ptain and Cloud with reference 
to tho Closed Isobais of a Cyclonic Deprossiou. (Abeicromby.) 

the right or south-east and left or north-east fronts, which, 
though they have much in common, are sufficiently different 
to be 'classified separately. They are separated by the line 
which represents the path of the cyclone; but this line 
does not mark the position of any great physical change, 
like the trough, as the weather in either front merges 
gradually into the other. In Fig. 53 this is shown in a 
diagrammatic form, with lines marking out the position of 
the right and left, or south-east and north-east fronts, as well 
as the front and rear of the cyclone, besides showing the rela- 
tion of the isobars to the rain and cloud areas. The whole of 
the front is generally characterised by warm, close, muggy 
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and damp weather, with a dirty sky, while the whole of tho 
rear is cool, brisk, exhilarating and dry, with a hard, firm 
sky. Coining now to more minute detail, in the left or north- 
east front, when the steepest gradients are somewhere south 
of the centre, the first symptoms of the approach of a cyclone 
are a halo with a gradual darkening of the sky, till it becomes 
quite overcast, without any appearance of the formation of 
true cloud; or else, light wisps or barred stripes of cirrus, 


Cyclone FrognDstics 



Pig. 54. — Details of Cloud and Weather in the Kegion 
of a Cyclonic Depression.^ (Abercromby.) 

moving sidewajs, appear in the blue sky, and- gradually soften 
into an uniform black sky of a cumulo-stratus type; nearer 
the centre, light, ill-defined showers fall from the uniformly 
black sky, the wind from some point between south-east and 
north-east blows uneasily, and though the air is cold and 
chilly there is an oppressive feeling about it These appear- 
ances continue till the barometer commences to rise, when 
the character of the weather at once begins to alter. In a 
cyclone where the steepest gradients are somewhere to the 

^ Among the cloud forms in tho diagram will bo found the name cumulo- 
yhahia hich is no longer used. In its pictures it was represented as two types 
of cloud seen togctlier, one a cumulua of thieatening appearance and the other 
n detached lenticular cloud in front of the cumulus. 
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north and east of the centre, the general character of the 
weather is the same as aliove described, but is much more 
intense, the wind rising at times to a heavy gale and the ill- 
dehned showers developing into violent squalls. 

“In the right or south-east front, when the steepest 
gradients are to some point south of the centre, which will be 
seen further on to be the commonest case in this country, the 
first symptoms are likewise a gradual darkening of the sky 
into the well-known pale or watery sky, with a muggy, oppres- 
sive air ; or else, as in the north-east front, wisps of cirrua 
first appear in the blue sky which gradually become heavier 
and softer till the sky is uniformly overcast ^^ith a cumulo- 
stratus type of cloud. Nearer the centre, rain, usually in the 
form of drizzle, sets in, and the wind, from some point 
between south-east and south-west, varying in force according 
to the steepness of the gradients, drives the cloud and rain 
before it. But this wind differs from that in the other 
portions of the cyclone in its way of blo^^ing, and, for the 
same velocity, does not raise so high a sea, or seem to bear so 
much down on the surface of the earth. In cases of very 
great intensity, the rain in this portion of a cyclone may come 
in showers, oi' even squalls, but the general character is 
never lost. 

“ The line of the trough marks out a line of heavy showers 
or squalls, especially the portion on ttie southern side of 
the centre. 

“ The general character of the west or rear side, is a cool, 
exhilarating feeling in the air, wdth a high, hard sky, of which 
the tendency is always to break into firm, detached masses of 
cloud. The rain, which occurs near the centre, is usually in 
cold, sharp, brisk showers, or hard squalls, and the general 
hard look of the weather presents a marked contrast to the 
dirty appearance of the weather which characterises the whole 
front of a cyclone. Further from the centre, showers or 
squalls are replaced by simply detached masses of cloud, and 
these finally disappear, leaving a blue sky. The wind, from 
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some point between west and north, blows gustily, and for the 
same velocity raises a higher sea than a south-west wind, and 
seems to bear down more on the surface of the w'ater. The 
whole of the rear of a cyclone partakes of this general character, 
but the change of weather along the north of a cyclone is not 
nearly so strongly marked as along the southern portion. 

If instead of the general terms ‘ rain,’ ' cloud,* etc., used in 
Fig. 53 , Ave write down in popular language the details of the kind 
of cloud or sky, with other characteristics of different portions of 
the same cyclone, as in Fig. 54, we shall find our old friends 
the popular weather prognostics of ordinary life, under a very 
new guise. We shall see that a large number of well-known 
prognostics of rain or bad w’eather are simply descriptive of 
the weather in different parts of a cyclone, and that they owe 
their value to their appearance in front of the rainy portion of 
a cyclone. Thus, a watery sky is a sign of rain, because it is 
a characteristic of the front or east side of a cyclone, and as a 
cyclone usually travels eastwards, an observer will succes- 
sively be subjected to the influence of the cloudy and rainy 
parts of the cyclone before an area of fine weather again 
reaches him. 

Though the general charaetedstics of a cyclone — warm, 
muggy, and dirty weather in front ; cool, dry and bright in 
rear — are invariably maintained, still individual cases vary 
much in detail. 

‘‘ The sources of A^ariation are so important that it Avill be 
necessary to examine them shortly, premising that they only 
modify, but do not alter, what we have called the general 
characteristics, and that though we are noAv referring only to 
cyclones, these variations apply to every other shape of isobars. 

“ There are six sources of variations which must be men- 
tioned, viz., 1. the type; 2. the intensity; 3. the size; 
4. local variation ; 5. diurnal variation ; and 6. seasonal 
variation. 

“ The first source of variation in any cyclone is one Avhicli 
will be hereafter very fully developed, and which depends on 
the type of general dintHbiUion of prcsHxire to which it belongs. 
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“ Tbe commonest type o£ cyclone in this country has the 
highest pressure at some point south of the centre, on which 
side the steepest gradients iire found. In this case the rain 
and cloud area extends far to the south and south-east of the 
centre, but comparatively little to the north and north-west, 
while the haidest weather generally is found to the point of 
south, where the steepest gradients are. This may be termed 
the westerly type of cyclone, both because the paths of the 
cyclones run nearly east and west, and because the prevailing 
winds are w^esterly. In another less common type the 
highest pressure is some point to the north-east of the centre, 
on which side the steepest gradients are to be found ; in this 
case the rain and cloud area is very differently shaped from 
that just described, extending furthest from the centre in the 
north-east direction, while the hardest and most severe 
weather is found to the point of north-east, where the steepest 
gradients are. This may be termed the easterly type of 
cyclone, 

“ It may be well to mention here that it is very rare to find 
rain at any particular hour over the whole of what is called 
the ‘ rain area * ; but where not actually raining, the sky is 
overcast and bordering on rain, which is sure to fall some 
time during the day. Similarly in the area of less cloud, 
called the ‘cloud ring,* isolated patches of rain are often 
found developed by local or other circumstances. 

“ The next source of variation depends upon the diflereuco 
of the intensity of the cyclone. In cyclones of the same type 
the weather differs much in ‘ hardness,* or ‘severity,’ or in 
‘ quietness.* Thus, in the south-east front the sky may he 
simply soft and overcast in a cyclone of moderate intensity, 
but with increased intensity tlie overcast sky would develop 
into soft, drizzling rain, or into broken rain, or even into a 
peculiar class of thunderstorm common on our west coasts in 
winter, while the wind would vary from a moderate breeze to 
a gale of any force. But in spite of these variations there is 
always the close, muggy atmosphere, and dirty sky character- 
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ih’tic of tlub part of a cyclone. Again, in the roar, the general 
character is always a cool, brisk feeling in the air, with a 
bright and broken sky, which varies according to the intensity 
from simple heavy masses of cloud, to hard showers, to 
squalls, or to hail squalls with thunder and lightning ; but no 
iliflerence ot illten^ity can ever alter the fundamental difference 
in the general character of the south-east front and the nar 
portions of a cyclone. 

Now it is found from observation that these difference^ of 
intensity are directly connected with differences of steepness 
in the barometric gradients. If, for instance, we take two 
cyclones, differing in nothing but a greater or less steepne'^s 
of the gradients, as in discussing wind, the corresponding 
differences of wtather would be shown in a less continuous area 
of rain near the centre of the second cyclone, in a smaller 
extension of cloud round the rain, and in a less total rainfall all 
over the country during the cyclone's passsage. Where squalls 
occurred in the first cyclone, they would be replaced in the 
second by brisk showers, and tbe weather generally would be 
more deficient in those properties to which the words 
* hardness ' or * severity ’ are usually applied. 

“ It is well know'u that a deepening cyclone is increasing in 
intensity, while one which is filling up is decreasing, and 
Professor Loomis has shown that in the United States rain 
and cloud extend further from the centre in the former than 
in the latter case, and there is reason to believe the same rule 
holds good in this country, though it is hard to verify. 

‘‘ A third source of variation depends on the size and bhape 
OT any cycln,H\ and is intimately connected both with tbe type 
and intensity. In very large cyclones the steepest gradients 
and the bad weather which accompanies them are always 
found at some distance from the centre. In small cyclones 
the heaviest rain usually surrounds the centre, and extends 
more or less to one side or the other, according ro the direc- 
tion of the nearest area of high pressure, and the steepest 
gradients. 
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** Aiiolher very imporiaut cause of moliticiaiiou an Treariier 
i^lnal rnnuttou. It tsell LnoTO that an am siiciiu, flip^rers, 
squalls au<l thundersioras are very local, and in bome phces, 
either from the contour of the crrouud or other causes, tlK> 
are much more ire^ueutlj xlevelopc-d than in I'lhtrs, Agaiaa, 
\vitli the amcunr id rainfall, tile iio«ition of ridges of hill^. 
or of the sea. relatively to the ju'evKiling winds, or rhe iTOsence 
of lakes and forests as compared wath bare ground, all seem 
to have an imiiortant influence o’^er it. So important is the 
posicion of the sea, th it on our east coasts the worst weather 
is with tat^terly winds, while on our south and west coasts the 
worst is with westerly winds. 

“ A fifth very important souiee of variation one known as 
tliurnal lanailm. This term is applied to changes in the 
amount of wind, uluud oi lainfall which depend on the time 
of day. A'? a rule these changes are so complicated that they 
cannot be detailed in such an elementary work as the present, 
so that we must content ourselves with merely stating some 
important principles connected with them. The simplest 
conception of diurnal change can be got from the idea that 
though a day may be described in general termh as ‘ hot * or 
‘culd.’ still there will be a diurnal range of the thermometer 
overriding or superimjiosed on the general temperature of the 
day. We have already alluded to the diurnal variation of 
w'ind, and it may now’ be stated generally that every 
meteorological element has a diurnal variation, that different 
shapes of isobars have not the same variation — for instance, 
the diurnal change of weather of a cyclone is almost the 
converse oi that in an anticyclone ; but that in every case the 
diurnal weather modifies, but does not alter the general 
character imposed on the weather by the shape of the isobars. 
The changes of weather due to alterations in the shape of the 
isobars are called the fjcncral ihanjes. and it is a fundamental 
principle of synoptic meteorology that the diurnal variations 
and general changes are independent, and that the observed 
weather represents their sum. Therefore, though very 
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interefiting from a purely scientific point of view, it follows 
that this variation plays no part in forecasting. 

‘‘ The sixth and last source of modification is the seasonal 
variation. In this country, during winter, the cyclones are 
usually much larger than in summer; and, even in cyclones 
of about the same size and intensitj^, the position of the rain 
and cloud areas is not quite the same. In winter time, the 
clouds and general appearance of the sky are usually softer 
than in summer, and the rain is more drizzly and less showeiy, 



PiO. 55. — Meteorogram for Falmouth, November 12 — 14, 1875. 

(Abercromby.) 

besides many other smaller differences, which are too well 
known to require minute description. This variation is an 
important factor in forecasting. 

“From all these considerations we conclude that though 
every detail of weather is subject to assignable laws, the 
details are so complicated that we can describe the weather 
associated with any shape of isobars in general terms only. 

“ So far we have only dealt with a single synoptic chart, 
but as the isobars are constantly shifting their position, we 
see that a series of synoptic charts is simply a series of plans 
of the changing positions of atmospheric movements. While, 
therefore, a single chart tells us only about existing weather 
at a given hour, the comparison of two or more enables the 
direction, nature and succession of the ceaseless changes of 
cyclones to be accurately followed. As the aim of forecasting 
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is ly foretell the weather changes at any one place, we must 
now endeavour to explain how the moveraenta shown on a 
series of synoptic charts would be reflected as the sequence of 
weather at any place. 

“ The method employed, besides noting verbally the 
succession of physical changes in the appearance of the 
weather, such as blue sky, halo, cloud, rain, and blue sky 


1875. November 13, 6 p.m. 1875. Novombev H, 8 a.m. 



Fro. 56 a. Fig. o6d. 

IsobarB and Winds of a Travelling Cyclonic Depression. (Aborcromby.) 


again, is to record in a diagrammatic form the changes in the 
readings of the different instruments which it is thought 
necessary to observe. The best traces are those obtained 
from self-recording instruments. The trace given by a 
barometer is called a ‘barogram,’ that by a thermometer a 
‘ thermogram,’ while a trace of either the direction or force 
of wind is called an ^nnemogram.* When two or more of 
these traces are all combined in one picture, as in Fig. 55, 
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the whole is called a ‘ lueteorogram.* For the sake of dis- 
tinctness we also give in Figs. 56a and 56b small charts 
for a portion of the period contained in the meteorogram, so 
that the relation between the two kinds of observations may 
be easily detected. The specimen here given is one of those 
issued by the Meteorological Office.^ Though, as will be seen 
hereafter, these traces are not of much use for direct fore- 
casting, tliey are of the utmost value in following the progress 
of storms whose synoptic plans can only be taken at intervals, 
as well as for worlting out questions relative to the diurnal 
variations of all the meteorological elements, and other points 
which cannot be studied otherwise. The descriptive records 
give minute information as to the kind and shape of cloud, or 
quality of wind, and other details which cannot well be shown 
on a synoptic chart. In 2 U’actice it is often very difficult to 
trace the manner in which changes of weather shown on the 
chai*t8 are reflected in the indications of the self-recording 
instruments, and to realise the influence of one on the other, 
but it can be done in most cases. 

“ A clear conception of the manner in which the motion of 
a cyclone as shown on a synoi^tic chart will affect the sequence 
of weather as it appears to a solitary observer, is of such 
importance that w^e propose devoting a few paragraphs to the 
consideration of the diagrams we have just referred to. In 
Figs. 56a and 56b we give two successive charts of the same 
cyclone at 6 p.ni., November 13, 1875, and at 8 a.m., 
November 14 ; while above we give in Fig. 55 a ineteorogram 
at Falmouth for three whole days, November 12, 13, and 
14, 1875. In Fig. 57 the isobars and wind arrow^s for the 
chart in Fig. 56b are given on a larger scale. 

“ The first important point to remark is that as the cyclone 
moves along its path, it carries its own circulation of wind 
along with it. If, then, as in Fig. 57, w^e draw a line EG, 

^ The traces of the self-recording instrumenis at the seven observatories con- 
nected with the Meteorological Office have been reproduced in the Quarterly 
Weather Eeportsfor the years 18G9 to 1880. 
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passing through F, which represents the position of Falmouth, 
parallel to AB, the crossed line which marks the path of the 
cyclone, we shall get the sequence of barometric and wind 
changes at Falmouth. For instance, starting from E, the 
barometer would fall till we arrive at the trough, as we see in 
the right-hand half of the barogram in Fig. 55 ; after the 
passage of the trough, the barometer begins to rise. Note, 



Pig. 57. — Sequence of Wind and Weather on the P.xsango of 
a Oyolouio Depression. (Abercromby.) 


however, the sharp irregular dip of the trace just as the 
trough passes, for this is most characteristic, and is associated 
with the squall already mentioned as occurring in this portion 
of a cyclone. As in this case the gradients are steeper in 
rear than in front of the cyclone, the rise of the barometer 
will be more rapid than the fall. Turning now to the 
wind direction, we see from the chart, Fig. 57, that the 
wind will be from between south-south-east and south in 
front of the trough when it will suddenly shift about six 
points of the compass to west-south-west, and then veer 
P.W. I, 
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p]ow]y towards the north-west. All this is well shown in tlic 
direction auemogj’am. Then as to velocity, a glance at 
Fig. 56b shows that the gradients are less steep in front than 
in rear, and by reference to the velocity trace, Fig. 55, wo sec 
that the greatest velocity of the wind was not attained until 
after the barometer had begun to rise. If the station 
had been somewhere north of the cjxlone centre, we 
see by the reference to the hne CD, Fig. 57, that the shift 
of wind w ould have been from south-east by north-east, 
and north to north-west ; also that on either side, the 
nearer a station is to the centre, the greater will be the shift 
of wind. 

“ On the south side we have seen that the wind shifts in 
the same direction as the motion of the sun, which is called 
‘veering*; while on the north side it shifts against the sun, 
which is called ‘ backing.’^ 

“ Turning now to the sequence of weather, if we consider 
how any single station would be affected by the passage of 
the cyclone in a manner similar to the shifts of the wind, we 
find that the cyclone carries its characteristic weather along 
with it, and that therefore the sequence to a solitary observer 
would be from blue sky through a ring of cloud, then through 
rain, then more cloud, and finally to blue again. We also see 
that if he -svas a certain distance from the centre he might 
only experience a period of cloud without any rain. Eeturn- 
ing now to our prognostic diagram. Fig. 54, in which we have 
generalised the actual cyclone given in Figs. 52, 56a, 56b, 
and 57, we see at once that if we draw a section across it 
south of the centre, as 'we did for w’ind, we shall get a sequence 
of ‘halo,’ ‘gloom,’ ‘muggy weather,’ ‘uneasy animals,’ 

‘ drizzling rain,’ ‘ driving rain ’ ; then at the passage of the 
trough we shall have a squall or shower, then the sky begin- 

1 " Veeiing ” and backing ” arc now oflScially defined as the changing of wind 
with clock hands oi against clock hands. It is only in the northern hemisphere 
that the wind veers with the sun and backs against the sun. In Ihe southern 
hQml<;phere the reverse is the case. 
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aiug to break, witk showers and cumulus cloud till the sky is 
blue again. These changes were very clearly observed by the 
author (Mr. Abercromby) during the passage of the cyclone 
shown in Fig. 56a over Brighton. 

“ Thus we see that to get an idea of the sequence of 
weather from a synoptic chart, we must draw a section across 
a cyclone parallel to the direction of its motion; and that 
the relation of the two may be expressed in statement, — a 
meteorogram or a series of consecutive observations on the 
changing physical appearance of the weather at a single 
place, for any given interval, may be considered as a 
continuous record in section of that weather, while a series of 
synoptic charts, at definite intervals of time, shows the same 
changes in plan, 

** Taking only cyclones, we see that if they remain pretty 
constant in shape, and move pretty regularly along a given 
path, then we can forecast the weather which will accompany 
their passage very accurately. Unfortunately, as a rule the 
same cyclone varies very much in shape at different periods 
of its existence and moves along a very irregular path, at very 
different rates, so that the forecaster is doomed to many 
failures and disappointments/* 

This subject may be studied by examining the records for 
any characteristic cyclonic depression. We may refer here to 
the diagram of p. 63, which was reproduced with reference 
to the depression of February 27, 1903. 

THE PRACTICE OF FORECASTING 

Upon the general principles thus established the modern 
method of forecasting is based. It is the business of the 
forecaster to determine what type of barometric distribution 
is to be expected y ithin the next twenty-four hours, and to 
assign to it its appropriate weather. It generally happens that 
the conditions anticipated are not the same for the whole 
country. A very striking case in illustration is represented in 
Fig. 51 which gives the chart for January 28, 1910, when the 
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southern half of England was covered by warm southerly 
winds and rain while the northern part of England and part 
of Scotland was exposed to cold winds and snow storms ; 
further north it was calm, clear and cold. In order to enable 
the forecaster to draw a distinction l)etween the different parts 
of the country a division into districts is made. The districts 
are represented on the accompanying map (Fig. 58) and the more 
recent version of it (Fig. 59). In view of such conspicuous 
differences north and south of the line of passage of the minimum, 
the forecaster must be prepared to estimate the direction in which 
the distribution of pressure will travel, so that he may distinguish 
between the right and left sections of a cyclone ; lie must also 
form an opinion of the speed of travel, so tlmt he can allow for the 
passage of the trough and the difference between the experiences 
of the front and the rear. 

Specimen forecasts, as issued (or Friday, June 24, 1910, 
are given in the tabic on p. 15]. It is to be remarked that by 
rule of the Meteorological Office, the forecaster must always 
give in writing the reasons upon which he bases his forecasts, 
and therefore the official issues of forecasts ai-e always pre^ 
ceded by remarks upon ihe general situation as disclosed by 
the series of telegraphic reports upon which the foj‘eeasts are 
based and represented upon the chart and by a statement of 
the “general inference” drawn from the observations. The 
detailed forecasts are merely the application of the general 
inference to the several districts. 

A more recent specimen (p. 152) taken from the British Section ot 
the Daily Weather Report for 1921, September 28, may illustrate 
the changes that have been introduced into the practice of fore- 
casting within the past ten years. The most notable feature is the 
definiteness of the anticipations in the further outlook which may 
be attributed to the more effective organisation for referring the 
current situation to corresponding types of previous dates. The 
subject will be referred to again in the next chapter (p. 173). 
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Fig. 61), — Map of the British Isles. Bhowinp Forecast Districts 
Id use from April 1, 1019. 



4. W. Midlands. 

6, S.W. England. 
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8. N.W. England. 
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Fbtdat, June 24, 1910. 

GENERAL INFERENCE FROM THE 7 A.>r. ORSERVATIONS. 

There are no indications of any important change in the pressure dis- 
tribution at present. The depression novr over Ireland and the adjacent 
portion of the Atlantic is likely to move very blowly in an easterly 
direction. 


WEATJJEB PBO^PJiJCrs. 


0 

1 


DisiRicrs. 


FoEnCASlS lOB -IHE 24 Hor!t& 
Noon TainAV to Noon 

SATL1U5AY. 


TbeFl HiniiR 
Odtloor.i 


a Scotland North, Islauds . 

h Scotland North, 

Scotland East . 


Wind betv. pen nortb>ca*^t and 1 
sunlli^st, Jiffht or luod^rato ; j’\ 
clouay or dull, i>omc rain, \ 
r&cher he.'ivy in places ; cool. 1 


) a England North East, 
Nortlicin S<“ctioit . 
b England Noith-East 
Souihein Section . 

8 England E. 

r a Midland Countie.o, Ea^t 
4 eru Section . 

\ b Midland Counties, Wesi 
ern Section . 


I Southerlv to south-nestorly 
or nosterly tvlnds, light or 
1 modpratc; ninch cluiul, occa- 
sioiJuL lain, improving Roine- 
what by to-morrow ; lather 
low temperature 


5 England South-Easi . w ilh 
lyomlon and Chamal . 

{ a Scotland West . 

( b Isle of Man 


Same os Nos, 0 anti 1. 


Changeable 

weather, 

I with lather 
low tom- 
pin-ature. 


) a England North-West 
b North Wales . 


Same as Nos. 2 to *». 


I b 


South Wales . 
England Sonth-Webt 


South . westerly to westerly 
winds, light or moderate, fresh 
locally; cloudy or dulJ, some 
min, then fair ; cool. 


/ a Ireland North, Western 
9 J Section .... 
( b Ireland North, Eastern 
Section .... 


]0 


1” 

(b 


li eland Soutli, Eastern 
Section .... 
Ireland South, Western 
Section .... 


Wind betw'cou south and west, 
but larjmg locally, light or 
K model are ; raiuy, then im- j 
proving somewhat ; rather ' 
cool, 


11 


Western Cuaknsl and 
Bay ... . 


Light or nioilerat e winds 
between aonth-wrest and west; 
sea moderate or alight; some 
showers and xnLst, then im- 
proving. 


1 If the conditions are such that no satisfactory indication of the weather 
beyond the 24 hours can be given, this column will be left blank. 
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Wednesday* September 2S. 1921. 
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LOCAL VARIATIO.NS OF WEATHER 

If the forecahter is auecebBful in hib effort to deal with the 
movements of the }»aronieiric dWiilmtion he wj]! have ful- 
filled h]s durr, but he viill not have uiilised all kiioAlrdge 
which Tite can 1 lii^p to beai upon the question of anticipating 
to-morro'w'F Tveather. The di'^tricts are laige and the oro- 
graphk-al and Tr.pograplncal conditions of ditierent localities 
within them ire difieient. The foreca'-ter in a central oftice 
cannot idLc accnum of the special conditinjib of a particular 
locality. In ihi-5 matter local e^i)eT3cnce nughl be turned to 
gieat ad-\anive if theie ^^e^e an oi^^ameed method of ascer- 
taming and codifving tlie If'cal vaiiatjon*^ of ^^eat}ler under 
Lijown gen^^ral conditions. Wtn shall devote one of our later 
chai^tert) toth^. coupi Illation of tLi*^ d‘'j>eetuf the local applica- 
tion of foreca'-tt. but before entering oii that i»art <d the subject 
we shall eonsidei the question of llie elas-^ification of types of 
weather. Meanwhile it iua> faiih be said that the general 
character of to-muirow’s weather c-m generally be corrcctlj 
anticipated, but a definite etatement fd hr»w much, or, indeed, 
it anv ram will tall in one jwincular Irpt aJitv, or at what paitic ular 
hour It will fall is not vet witnin the norruil rau^e of olhual 
practice though it has hecom*^ jjait of the le^ular dutv ot the 
Norwegian service through the artniTv <>t the Geopln-inal 
Institute ol Beigen to which we ikav lurn oui att'^ntion. 

THE POLAR FRONT IN TRAVELLING CYCLONES 

Ad example of the pobsihiht'^ of such further de\elop]neiit 
to be iound in the t>Tiid\ of the relation of teiupeiatuie and 
rainfall to distribution ot pressure in a cv( Ionic depiestion l>v 
J. Bjeiknes and hi& colleagues of the (xecqihv Mcal Institute ol 
Beigen. The niost lecent expositTon oi this study is the analysis 
of the causes of lamfall in Norway in a pa]jPT hv J. Bjerknes and 
H Rolberg entitled Mcteoiological Conditions for the Foimation 
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of Rain" in Geofyfiibke Piiblikationer/’ Vol. II., No. ]3: 
Z'igit a?’ den Genfi/.vsl'e Kommisvon. Instead of referring the 
phenomena of the cyclone to the centre as a single point of 
reference, which has been the practice heretofore, the authors of 
the paper divide the cyclonic area into two portions, very unequal 






Cold Qjr Cold Qtr 


Hfir 



The dotted ]me shows (he polar front ; the chain line the path of 

the cenlie. 


parts, by two linos ^\hich meet at the centre. These two lines 
mark the boundary of a projection of warm air, generally from 
the southward, into a region of cold air ; thus the whole area of the 
cyclone is divided into a warm sector and the cold remainder, 
instead of being divided as in the analysis of Abercromby and 
Marriott into front and rear and further subdivided into right and 
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left quadrant*^. The dmdmg line of the cvclone fioin the ceulro 
towardR the ea-=?tP!n (^r advaminff side is called tlie Htte, 

or more recentlv, vnnn In normal cunditions it i,s marked 

bv a rise of teinpeiature, piei.eded bv a cimsid<"ralile and proloiisfwl 
fall of rain winch is itself preceded bv a succession of eloiuLs 
beginning with and passing thronirh the sequence of 

arrchsfraffi^ and ahih^lrtifa^ to tn^rhn-,. The boundarv at the 
rear is called the ^/^col,no^^ the coW /Vo/?/. It corresjionds 
^vith the trough of tlie de]ue-^sion. and is niaiked by a siuUleu fall 
of temperature acconijiauied bv a slmwer of rain. 

This new analysis of the j)]ioiiumeiia of the cvclone is repre- 
sented in Fig. 00 and inaiks a considerable advance on the 
customary analysis in that it takes account not onh' of the 
distribution of cloud and weather, but aUo of the clianges of 
temperature and the loc d di^tubution of rain. The oidinaiy rain 
areas are indie ited by sliding in the figuie. The rain in advance 
of the warm front is attributed to the general ascent of the warm 
air from the line of the fiont, along a slnjie of about 1 in 100, over 
the bank of cold an. and the rain of the cold front is attributed to 
the undercutting of the warm air bv the cold air in its rear with 
a somewhat stee]iei 5urfa<e of ''epaiation Rainfall in regions 
outside the two ^^hjch are associated with the tuo honts. apart 
from wet fog or diizzle. is attributed to the local instability of air 
passing over wainier sea oi laud. It is paiticularly prominent 
over the land in summer and over the se\ in winter. Summer 
cyclones over land must therefore receive special consideration, 
but, that being allowed, it is claimed that all eases of rainfall in 
Norway can be identified as belonging to one or other of the 
following classes : — 

1. Ci'CLONic Rain. — (a) TTar/ii frotit rain formed in warm air 
pushing upwards along a retreating wedge of cold air. 

{h) Cohl front ra in formed m waim air disidaced by an advancing 
wedge of cold air 

2. Instability SirowERs. — (<r) Instability produced by heating 
from warm sca-surfaccR. 

(6) Instability produced by isolation over land (local showers). 
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3. ‘‘ Foa-RAiN (Drizzle)* — Slight rain formed in low layers 
by cooling of air in contact with relatively cold sea- or land- 
surfaces. 

■1. Orographical Rain. — Formed in air-currents ascending 
mountains. 

The recognition of the special features of the distribution of rain 
and its relation to temperature j)laces the forecasting of rain in 
Norway on a footing practically similar to that on which fore- 
casting ^vind has been in this country ; andj for those who have 
examined the corresponding phenomena for our area, should lead 
to a definite step in advance in the art of forecasting. Further 
study may lead to greater precision. 

In other papers by V. Bjerknes and other members of the 
Norwegian school the cold mass of air which occupies the whole 
of the area of the cyclone with the exception of the warm sector 
is designated polar air and the warm sector equatorial air. The 
two fronts combined form a discontinuous boundary called the 
Polar Front between the general mass of the polar air ou the 
northern side and the general mass of the equatorial air on the 
southern side, and the boundary between the two has been 
regarded as continued from cyclone to cyclone all round the 
northern regions. Thus we revert to cyclouic phenomena 
regarded as the results of the conflict of polar and equatorial 
currents, an idea inculcated by Dove in the middle of the nineteenth 
century. Instead of dealing with the motion of the centre of 
cyclonic systems we are invited to study the wrigglings of the 
polar front and the rainfall that is associated with points of 
singular contortion. 

With that, however, we are not concerned hi this chapter, as 
we are dealing now ivith the effective analysis of the cyclonic 
phenomena only ; it will be referred to in Chapter X. 

It will be noticed that there is a good deal of evidence in support 
of this analysis in the isothermal lines of the figures in this chapter 
and in the examples of the distributions of rainfall in Chapter IX. 
We are not yet in a position to say what final inferences are to be 
drawn from the evidence of discontinuity in various localities 
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and vaiiond levels. We may ultimately conclude that they are 
all part o£ a single surface of discontinuitj' contorted by the 
relative motion of the two fronts ; but on the other hand we ought 
to remember tliat wherever convection is active there is discon- 
tinuity, no matter what the source of the air may be. 

Looking at ma]*s of the distribution of pressure over tlie 
globe, such as those rei^resentcd in Fig^, 9 and 10 of this work, 
it may j)erhaps be suggested that sulheieut emi)hasis has not 
been laid on the fact that the princi]»al regions of cyclonic 
depresbions a]i])ear as troughs or extended lines of low pressure 
between moie pennanent and more extensive anticyclonic 
areas with notably different temperatures. We may thus put 
Dove’s idea of the conflict of polar and equatorial currents, 
now expressed as the doctrine of the polar front, into modern 
language by describing it as the conflict between anticyclones of 
different temperatures of which the exterior bands form the 
opposing currents. Cyclones thus become a sort of skirmish 
of outposts of the more durable atmospheric structures. 
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TYPES OF WEATHER AND THE FURTHER OUTLOOK IN 
WEATHER FORECASTING 

Hitherto we have confined our attention to the nature o! 
the weather to be expected when a recognised barometric dis- 
tribution has arrived or is in process of arriving. We have 
not supposed that the forecaster need possess more experience 
than that necessary to notice the first signs of the appearance 
upon his map of a group of isobars of recognisable shape, to 
estimate its line of march and to assign to it its appropriate 
weather. This is in itself sometimes a diflScult process. The 
backing of the wind to the southward on the west coast of 
Ireland is often the first sign of the approach of a cyclonic 
depression from the Atlantic, and it has been used, times 
without number, as the first step in the formation of a success- 
ful forecast suggesting the fall of the barometer which almost 
invariably ensues. But there is little or nothing in these first 
signs of the approach of a depression to indicate whether a 
circular depression or a Y-shaped depression is on the way, 
and this uncertainty has caused some notable failures. The 
forecast issued on January 31, 1910, furnishes a good illus- 
tration of this point. The backing wind and falling barometer 
of the morning map pointed to the arrival of a new depression 
which was expected to give gales in Ireland and north-west 
England; but with the advancing depression there spread out 
a wave of low pressure from Iceland, and the fall of the baro- 
meter on our western shores resulted in the advance of the 
northern part of a V-shaped depression, and consequently no 
strong wind, over the threatened areas. The V displayed 
further idiosyncrasy, for, contrary to the habit of V’a which 
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generally move rapidly, it remained almost stationary from 
February 1 till February 4, and then incontinently disappeared 
from the map. 

Such eccentric behaviour is exceptional, but to aid in the 
recognition of advancing pressure changes and, moreover, in 
order to use the experience of prolonged study of weather 
maps in anticipating changes beyond the immediate range of 
the forecaster’s map, tho general distribution of pressure over 
large areas has been classified into types by many workers in 
synoptic meteorology. 

I approach the consideration of this part of the subject with 
more dif&dence than any other. No one can work with 
weather charts for any long period, whatever the size of the 
area represented, without formally or informally grouping his 
charts into families. Some of them will have very marked 
family likeness and there will be no doubt about their being 
typical. Long experience will teach the handling of the types 
in such a way as to be of real assistance in forecasting. But 
to cast the knowledge into a form of words that will convey 
enough, but not too much, meaning for any reader who has not 
a very large experience of weather charts is a task that would 
lead to tedious and unproductive detail. So many of the 
barometric distiibutions are sufficiently different from the 
pronounced family types to make one hesitate to include them 
therein, that I find myself with a vast number of examples which 
I must label “transitional.” When one considers that every 
form of distribution incidental to the transition between the 
different principal types is possible, it is evident that the 
transitional class will be numerous ; and, moreover, in 
individual cases a distribution of a transitional type demands 
more consideration than one of well recognised character, and 
is in that sense more important. 

Further, the system of classification which will commend 
itself to the reader must depend to no small extent upon the 
area of the region which his maps bring under review. With 
an extended area one forms a different mental picture, and 
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features ^vliich arc important on the trivial scale lose their 
importance when th.^ view is widened. 

Abercromby gives four well-marked types of weather — the 
southerlj^j the westerly, tlie northerly, and the easterlj- — 
vhich I propose to illustrate in turn by maps of the North 
Atlantic. 8iuce Abercromby’s principles were formulated the 
North Atlantic has been much more extensively mapped than 
it was in 1885. We have now (up to 1910) a series of daily 
synoptic charts published since January, 1881 (omitting 
August, 1882, to August, 1883) by the Danish Meteorological 
Institute and the Deutsche Seewarte jointly, in continuation 
of those prepared by Captain Hoffmeyer, of the Danish Insti- 
tute for the period from September, 1873, to November, 1876. 
The Deutsche Seewarte, moreover, published a daily synoptic 
chart of the Atlantic in small scale in its “Dekadenbericht,” 
only a few weeks after the dates represented. There are 
besides charts of the northern hemisphere issued for the years 
1878 to 188-1 by the United States (Signal Service), and in 
1886 the Meteorological Council published a most complete 
and detailed series of daily charts of the North Atlantic 
for the thirteen months from August, 1882, to August, 1883. 
This was a year of special circumpolar investigation, during 
which a large number of stations w^ere maintained by inter- 
national enterprise in north polar regions. I think I am 
expressing the experience of others as well as myself when 
I say that the publication of this most valuable series of 
charts has been destructive of any hope of simple rules for 
weather sequence or for the movement of high and low 
pressure areas. The atmosphere over the North Atlantic is 
shown to be throughout the year in a state of turmoil which 
defies simplicity of description, and it is clear that something 
more than a process of classification is required before the 
sequences will become amenable to formulated law* 

At the same time everybody will recognise the family like- 
ness of the isobaric distributions which belong to Abercromby's 
weather types. I have selected examples to illustrate them 
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parfclj from thp synchronous charts of the North Atlantic in 
the year 1882-3, and partly from the Tagliche Synoi)tischp 
Wetterkarten fur den Nordatlantischeii Ozean,*' already 
referred to, and I have taken some illustrations also from a 
series of charts of the North Atlantic produced by the Meteoro- 
logical Council in 1901 to illustrate the remarkable stormy 
winter of 1898-9. The occasions which I h*ave selected 
for illustration are tliose which have become historical on 
account either of the long persistence or the intensity of con- 
spicuous examples of w^eather, such as prolonged and intense 
frost in winter or persistent succession of rainy depressions. 

SOUTHERLY TYPE 

The first example, that of the southerly type (Fig. 61), 
represents a strong southerly current over the British Isles 
forming the eastern boundary of a deep low pressure system, 
A high pressure system over Scandinavia apparently blocks 
the further advance of the general westerly surface current of 
air over the Atlantic and turns it northward. The name is 
derived from this transverse current, as it may be called. The 
anticyclone over north-eastern Europe is a subsUntial 
reality which has a southerly current on its western side, but 
it is doubtful whether any considerable portion of the air 
which formed that current came from the west. The study of 
“The Life History of Surface Air Currents” sho\^B that a 
southerly current is generally a short-lived affair. It is 
usually on its way to the central region of a depression where 
it disappears. Its place is generally taken by a colder current 
of different air from the w^est, and the phenomena of the 
passage of the trough of a cyclonic depression ai*e generally 
related to the replacement of the southerly current by the 
westerly current. On the otlier hand the eastern side of the 
southerly current often takes its rise, as in the case of 
January 28, 1910, already quoted (Fig. 51), from the south- 
east. In the winter this part of the current is cold ; it repre- 
sents the permanent western side of the anticyclonic area and 
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feeds the northern side of the low pressure area. Upon the 
strength and volume of this current probably depends the 
question whether the anticyclone will hold its ground or give 
way. 

Many persons will still remember the long period of frost of 
February, 1895, the latest period of prolonged cold in this 


1882. Novembei 15. Noon G. M. T. 



Fig. 61.— Pharl ol tlio Xoith Atlantic Scnillierlv Typo of 

If^obaiR o\(T the Ilrilihli Islet, from ** CliartR of the 

North Adantic, August 1, 1882, to August 31, 1883.” (Aletcoro- 
logical Ollice.) If^obars are d^a^^n lor each tenth of an inch 
upTvards and downwards from lliat of 29-0 inch, which is repre- 
feented by a thickened line. Note the liich pressure over tho 
nnd-Atlandc and over tlie (Inlf of Bothnia and a cyclone on 
cither ‘^ide ol Greenland; al^o the souiherly current over 
Jirilain, the we.slern part of which belongs to tlie circulation of 
warm Atlantic air round the low pressure, and the eastern part 
to the circulation of cold coiitiiionlal air round the “high** 
over Bothnia. 

country (see p. 165). Figs. 62 and 63, February 14: and 
March 8, taken from the Danish-German charts, liave been 
selected to illustrate that period ; they show clearly the alter- 
natives of the cold southerly type and the warm southerly 
type. In the latter the continental anticyclone has receded 
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^ Caleb. 8 , 1*^01 euooij. 


164 


FORECASTING IMIATHER 



Fig 03 — Svncbroiious Chait of tho Il^’oitb AtHiitic fiom the “ Tag-hche SynoiJlisobe Wotteikaiten 
fill cV 11 2s Old vtl mli’-cbf u Oyc ui ' tho Xiausitioii lioin Cold Soiitbeily Tj^pe to Waim 

boutb-oxly ijpo 
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somewhat, and the westerly current has iiivrided our islands 
and replaced the cold southerly current of February 14 by a 
warm southerly current. This is the chart that marked the 
filial break up of the long frost. 

WESTERLY lYPE 

The two examples of a westerly type of weather (Figs. 64 
and 65) are taken from the “Charts Illustrating the Weather 
of the North Atlantic Ocean in the Winter, 1898-9.” The 
period was marked by a succession of severe gales over the 
Atlantic Ocean, which caused unusual delay find damage to the 
shipping crossing that ocean. Public interest was specially 
aroused by the prolonged anxiety as to the safety of two import- 
ant transatlantic steamers, the Pavoida and the Bui (/aria, both 
of which were disabled by the severity of the weather. The 
period w^as also remarkable for the warmth experienced on the 
eastern shores of the Atlantic, while over the American 
continent the weather was exceptionally cold. The two 
charts which I have selected show a strong w’esterly current, 
600 to 1,001) miles wide, crossing the Atlantic and having a 
number of low pressure areas on its northern fringe. This 
distribution is characteristic of a great deal of the persistent 
unsettled weather which we sometimes experience for weeks or 
even months together. The dominant w'esteily current 
invaded and contorted by cold air currents from the north is 
very well illustrated by the succession of charts to which 
reference has been made, and from w^hich these two examples 
have been taken. 

NORTHERLY AND EASTERLY TYPES 

The next illustrations (Figs. 6G and 67), representing the 
northerly and easterly types, are also taken from the “Tagliche 
Synoptische Wetterkarten ” for 1895, the year of the very 
long spell of intensely cold weather which lasted during 
the whole of the month of February. They are selected 
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to indicate the condicicns under \sduch ^'freezing ' weather 
becomes possible in these islands. Fig. 66 represents a 
cold northerly current coming from the Arctic regions, which 
in the form of a northerly or north-westerly wind may freeze 
the w^hole surface of our islands. The coldest winds are often 
the north-\>esterly, though theie are north-westerly winds 
which are of a different character. Fig. 67 shows a very well 
pronounced easterly type, with isobars ranging east and west 
over a large j^art of the map, guarding an anticyclone to the 
north of us. This is the distribution most favourable for a 
long frost, when the air siij^ply comes persistently from the 
cold continental area. The frost is confined to the eastern 
parts of our islands if the anticyclone does not extend much 
beyond the continental area. 

OTHER TYPICAL DISTRIBUTIONS 

To these examples of the types named by Abercromby I 
have added one of a north-easterly type (Fig. 68), and one 
of a south-westerly type tFig. 6S0 from the synchronous charts 
of the North Atlantic. These differ but little from the easterly 
type and the westerly type respectively. I have added them 
because they represent the conditions of our two most 
peisibtent winds, the south-westerly and the north-easterly. 
The tracing pens of our self-recording anemometers hang 
geneially either between S.W. and N.W. or between S.E. and 
N.E. "Winds in the other quarters are, comparatively speaking, 
transient. 

Tlie types of isobars which have been reproduced represent 
the chief atmospheric currents with which we have to reckon 
in these islands. They comprise tlje travelling depression as 
a more or less important incidental item. It is evident that 
they aie closely related to the general distribution of pressure. 
The w esterly or south-westerly type arises when the tropical 
anticyclone of the Atlantic extends northward and eastward 
to south-western Europe, so that its northern slope covers the 
British Isles. On these occasions there is often practical 
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1899 Jamiaiy 15, Local Nood. 



Fig 64.— Westeily T}p 0 . 


1899. Jnnuaiy 16, Locil Noon 



Fig 65 — Wc^terh Tjpo. 


Pigs. 64 and 65 —Charts illustrating the Stormy Penod in the 
“W witor of 1898— 1899. (Meteorological Office.) 




1S95. Jamiary 2o, Forenoon 
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1895. Pebruary 5, Forenooa. 
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Pig 67 — Syncbionous C3nrt of tbe Noitb Atlantic fioiu the “Tigliche S 5 nopti«.cbo Weiteikiiten 
fur den Kordatlautischen Ozean,** lUubtiating’ the occurience of Posterlj Wintei Prostm the 
Biibish Isles 



1S83 March 22, G-ieenwich Noon. 



Fig 08 — Noith-Easteil} T>] o Tlie JCiot VVincW of ISfiich. 
Fiom “bjnchionoua Chd,it& of the North Atlantic, Augubt 1, 1882 
to August tJ], 1883 ” (Meteozologicil Oilice ) 


1882 Decembei 2b Oieeiiwich Noon. 



Fig 69 — South-Westerly Type Warm weathoi in "Biitiali winter 
From “bynchronous Chaits of the Noith Atlantic, August 1, 1882, 
to August 31, 1883 ” (Meteorological Office.) 
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eontinuiLy between the Atlantic anticyclone and the great 
anticyclonic area of north-central Asia. No other main anti- 
cyclonic area is shown on our maps, but from the fact that on 
such occasions the barometric in-essure in Iceland sho\SB the 
lowest values, it is probable that further to the north and 
west of that island we should find a northern anticyclonic area 
whiah marks the northern boundary of the areas of low 
pressure. 

Por the easterly (north-easterly to south-eastei ly) type a 
northern anticyclonic area covers the Scandinavian peninsula, 
and sometimes extends along the Arctic circle to Iceland and 
Greenland. The British Isles are then on the southern slope of 
the great northern anticyclonic area, and minima of pressure 
are to be found between this region and the tro 2 ncal anti- 
cyclone. The minima are often over the Bay of Biscay or 
the Mediterranean, and this low pressure region marks the 
sejparation between the tropical Atlantic anticyclone and the 
Asiatic anticyclone, which is now in connection with the 
Arctic anticyclone. 

A third interesting distribution of pressure is re^n-esented 
by the northerly type when a high pressure area is disclosed 
over the North Atlantic, between the Azores and Iceland. 
This is sometimes persistent, as in the month of February, 
1895, already referred to. 

THREE-DAY FORECASTS 

The study of the details of the anticyclonic areas and their 
movements was pursued with great assiduity by the late 
Professor W. van Bebber, of the Deutsche Seewarte. He 
founded upon that study a much more detailed classification 
of weather tjjrpes based upon the relative positions of the 
characteristic antirvclonic areas. Further he introduced rules 
or generalisations regarding the relative permanence of the 
several types, and the sequence of types, so that he was able 
to form an anticipation of the duration of the kind of weather 
prevailing at the time, and the kind of weather which would 
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succeed it. Upon this scheme of classification, a system of 
forecasting for several days in advance has been based. 
Van Bebber’s papers have not, so far as I know, been trans- 
lated into English. An account of the results arrived at 
was given at the meeting of the British Association at 
Bristol, in 1S98. by Mr. E. Douglas Archibald.^ The method 
lias been employed in the formulation of “ Three-day foreca^its ” 
which appeared tor some vears in The Times and were subsequently 
ado])tecl bv other newspa])ers. From the nature of the case, the 
statements had to be drawn in very general terms, even more 
so than the usual forecast for twenty-four hours in advance, 
though in regard to future w^eather the immediate requirement 
of the general public is unfailing precision upon important 
occasions. Thus the ai)plication of the principles derived 
from the study of weather types is a matter of greater interest 
to the meteorological student conversant wdth the meaning of 
the anticipated changes than to the practical man who holds 
simply to the verbal description of the weather. 


SPELLS OF FINE WEATHER AND THE FURTHER 
OUTLOOK 

There are, however, conditions which one can expect to be 
reasonably permanent, w hen, in ordinary language, the weather 
appears to be ‘‘ settled.'* Advantage has been taken in recent 
years at the ]\reteorological Office of our experience in this 
respect to is^ue notices of an anticipated spell of fine weather. 
South-westerly or westerly weather is typically “ unsettled.’* 
I give on pj). 171 — 177 (Figs. 70a, 70 13 ) illustrations of typically 
“ settled *’ w’eather in 1908, from June 25 to July 3. wliich was 
the subject of successful forecasts in the hay harvest season of 
that year. Notifications were sent out to different parts of the 
country on June 23, 24 and 25. An anticyclone spread 
over the country. There was rain upon two days only, and 
then in exceptional conditions which will be referred to later. 

^ B. A Report, p 798, 
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The " corridor ” of fine weather across the British Isles from the 
permanent high pressure of the Atlantic to the polar high- 
pressure, which was referred to on p. 119 as characteristic of the 
drought of 1021, is indicated in the map for 7 h., June 21 (Fig. 71), 
but is much less dominant as a feature of the spell of 1908 than 
it is of 1921. 

More recently provi.sion has been made for giving the 
opinion of the forecaster, based upon his experience of weather 
types, as to the prospects of weather beyond the limit of the 
twenty-four hours by providing a column for '-'the further 
outlook,” as set out in the table of p. 151. It gives him the 
opportunity of drawing a distinction between conditions which 
he knows to be transitional, and those which are, comparatively 
speaking, permanent, 

CLASSIFICATION OF TYPES OF WEATHER CHARTS 

Since the conclusion of the war the use of types of weather maps 
for the purpose of forecasting the weather has been sy.stematised 
for the Meteorological Office by Lt.-Col. E. Gold, D.S.O., 
F.R.S., Assistant Director, when in charge of the Forecast Service. 
The method is described in “ Geo physical Memoirs of the Meteoro- 
logical Office,” No. 16 (M.0. 2201), published in 1920. The weather 
maps of the area between the Mediterranean on tlie south-east, 
and Iceland on the no]th-wcst, are classified according to the 
distribution of liigh pressure and low pressure into fifteen maps, 
with thirteen variants represented by twenty-eight specimen 
charts. The 5,113 daily charts of the years 1905 to 1918 inclusive 
are then assigned to the respective ty])es and then a compre- 
hensive calendar is given which indica,tos on which days the 
particular type or variant had occurred within the fourteen years 
examined. That is followed by some notes on the several types 
relating primarily to the winds and weather of NB France and 
Flanders. These are of obvious service to the forecaster, but the 
main value of the memoir is that it gives for each type of map 
references to the dates upon which it has previously occurred, 
and therefore enables any forecaster to profit fully by the experi- 
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Spell of Fine Wbatitee feom June 
25 TO July 3, 1908, Notified on 
J-UNE 23. 

"Notifications were sent out to 
different parts of the country on the 
23rd, 24th, and 25th of June. The 
subsequent wo.ither was generally in 
agreement with the nolificalioii except 
for the overcast skies and slight rain 
on the 27th and 26th. That was the 
more remarkable and more harrowing 
for the forecaster, because just at that 
time the weather was most notably 
anticyclonic.” 


1908. June 23, 8 n.m. 



1908. June 24, 8 n.m. 



Fio.70A. — Charts for 8 a.m. or 7 a.m., June 23 to July 3, illustrating 

the Hay-Harvest 





lf)08 June 2T, 8 a m 



the Notifications of the Piobability of a Spell of Fine Weather m 
Season of 1908. 
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1908. Juno 28, 8 a.in. 


1908. Juno 29, 8 a.m. 
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1921. June 24, 7h. (8 a.m. Saminer lime). 



Pro. 71.— An antioyolone over England on the corridor of flnt 
weather between the Atlantic and the Pacific, oi& Northern 
Russia, during the drought of 1921. 
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ence of thp past by ascei'taining on any occasion what happened 
to the weather on previous occasions most nearly similar to that 
with which he is concerned af tlic moment. 

We shall attemj)t a biief description of the several types and 
variants as follows (the figures at the end of the descriptions give 
the number of times the tyj^es have occurred in the fourteen 
years) : — 

Type I. -High over Bay of Biscay, low over Scandinavia, 
gradient for NW winds over British Isles and Central Europe. 
(523.) 

Ia. Wedge of high along the English Channel between inde- 
finite lows over the North Sea and southern France and western 
IMcditerranean. Isobars for NW wind over Britain. N winds 
over Central Europe, NE winds over western France. (192.) 

II. High over France, low between Iceland and Norway. 
Straight isobars west to east between the Channel and Shetland. 
(330.) 

III. Siinilar to II., but both high and low are further south ; 
the low is closed by a flat oval isobar round mid-Scotland. (201.) 

IV. Wedge of higli pressure over Britain from high over 
France and Spain, with undefined lows to NE over Scandinavia 
and to NW south of Iceland travelling eastward. (341.) 

IVa. Similar to IV., but having the high pressure less defined 
(less gradient) and the lows more defined (more gradient). (85.) 

V. Low over Atlantic, west of Ireland, high over the Mediter- 
ranean. Isobars turning from SSW to WSW over the North 
Sea. (215.) 

Va. Low over Iceland, high over the Italian region familiar as 
an example of the southerly type of p. 161. (273.) 

VI. Thrust of high pressure from the eastward with ridge over 
the Channel. Isobars circulating from the Mediterranean over 
France and the British Isles to southern Norway. (155 ) 

VIa. Parallel isobars between large high over Central and 
southern Europe and general low over the Atlantic. (223.) 

VII. Low centred about SW Ireland, high over Central Europe. 
(246.) 
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VIIa. Low centred ofE the mouth of the Channel. High over 
the Norway Sea. (120.) 

VIIb. Parallel isobars from SE to NW between low over the 
Atlantic and high over Scandinavia. (176.) 

VIIc. Tongue of high from Scandinavia between a SW stream 
over Iceland and Faroe and an E stream over Europe. Somewhat 
similar to the situation re])resented in Figs. 48, 49. (146.) 

VIII. The reverse of II. Parallel isobars over British Isles, 
low over France, high over Norway Sea. (81.) 

VIIIa. The reverse of III., the isobars of type VIIL moved 
further south. High centred over the Shetland-Faroe channel. 
(84.) 

VIIIb. Similar conditions, but with the high still further south 
centred over the England-Scotlaiid border. (136.) 

IX. Parallel isobars NE to SW over British Isles and northern 
and western France. (117.) 

IXa. NE isobars, but low centred over NE France. High ofE 
the NW of Ireland. (87.) 

IXb. The corresponding variant in the other direction. High 
centred over the Irish Sea, nearly straight isobars over France. 
( 120 .) 

X. Nearly straight isobars N to S between high over the Atlantic 
and low over the middle zone of Europe. (238.) 

XL Well-formed high over the English Channel. (131.) 

XIa. Col over England between highs east and west and Iowa 
north and south. The fine weather type of 1921. (291.) 

XII. V-shaped depression over the North Sea extending N and 
S to the Mediterranean. (119.) 

XIIL Group of sporadic local lows about the middle of the 
map within an isobar surrounding all. (60.) 

XIIIa. Corresponding group of sporadic local highs. (22.) 

XIV. Two marked lows arranged within an isobar from SW 
to NE similar to Fig. 69. (169.) 

XV. Well-developed circular cyclonic depression centred on 
the Scottish border. (233.) 

We quote on p. 182 from the table of Typo- Frequencies given in 
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1921. September 28, 7h. 



Fig. 72. — Chart upon which a forecast for fourteen days jn 
ad\ ance was issued. 
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the “llemoir*' the average of the number of ooonrrouces of the 
several types in the several months arranged according to the 
yearly totals. 

The introduction of this system of classification has been 
followed by a notable expansion of the range of the further out- 
look. We give the chart for jSept ember 28, 1921 (Fig. 72), upon 
which tlie further outlook for ‘‘ next weel: ” and for fourteen days 
quoted on p. 152 was issued. It corresponds with Type VI., to 
which 1 55 maps were referred in the fourteen years classified. 

TYPES OF WEATHER-CHARTS. 

Average Frequency op evcii Type for tue Year ayd por ins 

SEVKRAL JIOXTIIS. 


The total numbers of ouc-un cnees of each type in the fourteen years examined 
arc fjivon at the cud of the descriptions of the types. 


Year 

Jan. 

Tcb. 

Mar 

Apr. 

May 

Jnne 

July 

Aug. 
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Oct. 

Xov. 

Dec. 

Type. 
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It is not, liowever, a complete safeguard against misapprehen- 
sion of the maps. A misadventure about the position of the 
British Isles with respect to the warm and cold divisions of the 
southerly cun’ent, t 5 ^pe IVa. or Va., brought down some wild 
lamentations of the daily press on January 26, 1922. 






CHAPTEE VII 


LOCAL WEATHER IN RELATION TO WEATHER TYPES 

The next subject for consideration is how far the weather 
assigned to a particular distribution of isobars may be regarded 
as generally representative of the whole district covered by 
the distribution, and of the whole period during ^^hich the 
district is under its influence — how far, in fact, the details of 
weather for particular localities in the same district are true 
to type. 

It is easy to form a general idea of the local effect of 
orographical and topographical features upon weather — how 
a high level station will have more cloud and rain than a 
low level one, and how one on the east side of a range of 
mountains vill get less from westerly winds than one on the 
west side, and i ice versa ; how the shapes of the local ranges 
of hills will modify the statistics of wind direction and the esti- 
mates of wind force at inland stations. But the interpretation 
of all this general information into a definite reply to the 
question, ** What will happen in this particular locality to- 
morrow' ? ” is another matter. It requires a very close scrutiny 
of the meteorological statistics to give an answer. So far as I 
know, the first attempt to put into a definite stalistical shape 
information about local weather in relation to weather types, 
of which we possess a vast undigested store, is represented 
a paper read in 1904 before the Scottish lleieorological 
Society, which I am able here to reproduce. The classification 
into types is different from that adopted by Abercromhy and 
described in Chapter VI., but it is really based upon the same 
ideas. In order to put together for statistical purposes the 
various days in relation to the direction of the isobars over a 
particular district; the cardinal points of the compass do not 
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give a very good means of grouping. One cannot properly 
include in one group a soutli-’w^eslerly wind and a north- 
westerly wind, the w'eather associated willi the two winds is so 
different in character. There is an equally marked difference 
befc^Yeen a north-wester and a north-easter. It is better, if one 
must deal with quadrants, to group a southerly wind \sdth a 
westerly wind in a south-westerly group, and stop short of 
going north of west, and to group a wind just north of west 
with a northerly wund in a north-westerly group. Thus the 
types here chosen are characterised by south-w^esterly, north- 
westerly, north-easterly and south-easterly winds respectively, 
and in order to provide for eases in which the district is under 
the central portion of a cyclone or anticyclone two additional 
types are included. 

The pages next following are taken from the “ Journal of 
the Scottish j\rcteorological Society ” : — 

‘‘ It has been the practice for many years to deal with the 
meteorology of the British Isles in two ways, w’hich have 
remained more or less distinct and dissociated. On the one 
hand, we have a series of daily observations at 8 a.m., 2 p.m.' 
and 6 p.m., at some twenty-live {stations, reported by telegraph 
to London, and incorporated with similar reports from 
Continental stntions in the Daily Weather Report. Upon these 
are based the maiis re^n'esonfcing the distribution of pressure, 
temperature, etc., w^hicli are used for the purpose of forecast- 
ing. On the other hand, there are the observations made 
with exemplary care and skill by some hundred volunteer 
observers at the normal climatological stations. They are 
even more full and detailed than the observations of the 
telegraphic reporting stations, but they differ in this respect — 
they are made at 9 a.m. and 9 p.m., local time, and are there- 
fore not quite comparable with the other series in any specific 
meteorological inquiry, except by an expert who has the time 
and skill to make the necessary adjustments required by the 
difference of the hours of observation. 

^ Since July 1, 1908, at 7 a.m., 1 p.m. 
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“When this adjustment is made, the two sets of stations 
supplement each other in a very important manner, for the 
telegraphic reporting stations are nearly all on the coast, 
whereas the normal climatological stations, though more 
evenly distributed, show a preponderance of inland observa- 
tions. 

“ To a certain extent the information, as regards rainfall, 
temperature and sunshine from the two sets of stations, is 
combined in the Weekly Weather Eeport, and its monthly and 
annual summaries; but this provides only statistical results 
for consecutive weeks, months or years, as the case may be. 
In other respects, the two sets of observations are kept distinct, 
and treated independently. The official publication of the 
daily observations of the one set takes place day by day, in a 
form which provides for their correlation. The publication of 
the other set does not take place until long after the particulars 
of the weather have been forgotten by the ordinary person.^ 
Many of the stations are represented only by summaries for 
the calendar month, and the individual observations for the 
same days are never correlated, or only to the extent necessary 
to form a provisional estimate of the accuracy of the instru- 
mental i*eadings. 

“ This want of association between two closely related sides 
of meteorological work is a misfortune for both. On the one 
hand, for the purpose of the daily report and forecasts, the 
British Isles are divided into eleven districts, and a forecast is 
drawn up for each district. The forecast describes the direc- 
tion and force of the wind to be anticipated, with the weather 
conditions incidental thereto, in the several districts; but in 
our country the weather conditions are partly geographical, 
and only partly, in the more general sense, meteorological. 
The extent to which geographical considerations affect the 
weather is a vital consideration when a description of a day’s 
weather, limited to ten words of non-technical language, comes 

1 This also has now been changed, and publication of a month’s results is 
completed within six weeks of the close of the month. 
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to »be applied to the details of one-eleventh part of the British 
Isles. 

“ On the other hand, the climatological information for a 
single station is quite unmanageable as long as it remains in 
its constituent figures. It requires to be Bunnnarised before 
it can be usefully applied. Before it is summarised there is 
great advantage in referring the daily observations to the 
general conditions prevailing over the district in which the 
station is situated. Without such means of easy reference, 
casual errors of considerable importance are likely to remain 
undetected, and some of the observations which depend upon 
personal impression are liable to be misunderstood by the 
reader, and to raise more questions than they solve. 

“ It has been an almost universal practice to make summaries 
of climatological observations in the form of monthly means 
and extremes, and, as affording a means of describing the 
general conditions and as a basis for further investigation, 
there can be no doubt of the wisdom of this practice. The 
monthly maps, compiled by Dr. Buchan and reproduced in 
‘ Bartholomew’s Meteorological Atlas,’ or the ‘ Temperature 
Tables of the British Isles,’ published recently by the 
Meteorological Council, afford examples of the compendious 
information that can be conveyed by this system. But in 
relation to the actual w’eather of the British Isles, it suffers 
from a disadvantage which is obvious to all meteorologists 
— our weather is not organised in monthly periods, as it is in 
some countries ; with all deference to the exponents of lunar 
and planetary influences, we do not, in this sense, take our 
weather from the moon. We have no rainy season, nor any 
specially dry season. We may have snow on Midsummer Day, 
or the weather of the Riviera on Christmas Day. Meteoro- 
logically we are in fact sometimes a part of the Eurasian 
Continent, the greatest land area of the globe, sometimes a 
part of the Atlantic Ocean, the earth’s greatest natural 
physical laboratory. The effects of the geographical position 
pf any station upon its weather is not of the same order under 
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these different conditions. A system of classification, which 
deals with consecutive months of weather as though they 
were homogeneous divisions, leaves something still to be 
desired for certain meteorological problems. 

“ The index of our meteorological lelationship for the time 
being is not merely the time of year, but also the barometric 
distribution — the continental and the oceanic distributions 
of pressure are essentially different, and if we ^^^&h to classify 
our data upon a system uhich takes account of our exceptional 
meteorological conditions, we may reasonably use the baro- 
metric distribution as set out in the daily weather maps as a 
means of doing so. From the barometric distribution we can 
form some idea as to whether our meteorological conditions 
are, for the time being, continental or oceanic, sub-tropical or 
sub-polar. 

“In the course of the past eighteen months, Mr. F. Gaster, 
who was for many years in charge of the forecast branch of 
the Meteorological Office, has been engaged on my behalf in 
making a first attempt to bring the two sets of observations at 
British stations, the daily telegraphic data and the normal 
climatological data, into relation, by using the barometric dis- 
tribution as a guide to their classification, and I now lay the 
first results of this endeavour before the Scottish Meteor- 
ological Society. The object in view is twofold, or, indeed 
threefold — first, to combine the climatological data in such a 
way as to exhibit effectively the modifying influence of 
geographical position upon the general weather conditions of 
the locality ; secondly, to work out in clear outline, and give 
numerical expression to, the specific character of weather 
associated with distributions of pressure which may be 
regarded as typical ; and, thirdly, to secure the co-operation 
of the observers at the normal climatological stations, infilling 
in the outline and extending the work by putting together the 
data for their stations as they are obtained, upon some plan 
organised by mutual agreement. 
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CLASSIFICATION OF THE DATA 

“ The plan which I have adopted in the preliminary inquiry 
has been to assign each of the days of the months selected for the 
investigation to one or other of six types of isobaric distribution, 
to group together for comparison the climatological data for the 
several stations in a specific district (both telegraphic and chmato- 
logical) for the days assigned to each type, and to express the 
result by taking the daily average for the days of the particular 
type, whether the number proved to be large or small 

“For the selection of the types, the general trend of the 
isobars across the district was chosen as the distinguishing 
characteristic. Following Buys Ballot^s law, the direction of 
the isobars gives, with certain limitations, the direction of the 
wind. Six types were selected, and the days classified 
according to the type to which the isobaric distribution 
during the twenty-four hours from 8 a.m. to 8 a.m. moat 
nearly corresponded. The types selected were as follows : — 
“1. South-easterly type : a pressure distribution favourable 
for south-easterly \Yinds, or, according to the amount of 
incurvature, for winds from east to south during the twenty- 
four hours. 

“ 2. South-westerly type : for winds from south-west, or 
from some point between south and west. 

“ 8. North-westerly tj’pe : for winds from the north-west, or 
from that to west or north. 

“ 4. North-easterly type : for winds from the north-east, or 
from that to north or east. 

“ 5. Variable Cyclonic : with the sequence of winds incidental 
to the passage of a cyclonic depression. 

“ 6. Variable Anticyclonic : with the uncertain winds of the 
interior of an anticyclonic region. 

“A specimen of each of the six types is represented in the 
weather charts reproduced in Figs. 73 — 78. 

“ It need hardly be said that the use of six types only does 
not give an exhaustive classification. I will return to this 
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aspect of the subject later. At present it is sufficient to say 
that the limitation of types to six is for the purpose of 
simplifying the consideration of the matter in the first 
attempt. Similarly the cla&bilication of the winds according 
to the four quadrants is obviously only a first step. 

“In this latter case difficulty arises because the winds from 
the four cardinal points have to be referred to one or other 
of the quadrants, and for this purpose the number of observa- 
tions of wind entered as west, for example, at any one 
station, has simply been divided equally between the two 
quadrants south-west and north-west. The classification of 
the isobaric trend has been not quite so arbitrary, for 
each day has been separately considered on its merits, and 
assigned to the t^’pe which seemed most appropriate under 
the circumstauces. When, therefore, the observed winds 
come to be compared with what may be called the ideal 
winds, deduced from the trend of isobars, the coarseness 
of the grouping of wund observations must be remembered. 
It must indeed be understood at the outset that if the 
method here described for dealing with observations com- 
mends itself to meteorologists, some understanding must be 
arrived at as to the extent to which it is desirable to carry 
classification. One of the most promising lines of study to 
which the results of the inquiry may be directed, is to follow 
out the suggestions for more effective classification that 
experience may indicate as desiralde. 

“The method of investigation has been applied to the climato- 
logical data of three of the forecast districts, ‘No. 7 England 
NW and N Wales,' ‘No. 4 . Midland Counties,’ and ‘No. 1 
Scotland E.* The technical meaning of these divisions will 
be clear from the map (Fig. 58) showing the districts of the 
British Isles and the stations which have furnished the data. 
Ten stations were dealt with in district 7, ‘England NW,' 
the Isle of Man being included in the district for this occasion; 
eleven were selected for No. 4, ‘Midland Counties' and 
eleven for No. 1, ‘ Scotland E.' Bo far, only the months 
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of January and July have been considered, and for Scotland E 
only January is complete. In order to obtain enough days of 
each type to give what might be regarded as an average result, 
tlie correspoikling months of three successive years hfove been 
taken together, and thus the data for ninety-three January or 
July days have been distributed between the six types. 

THE METEOROLOQICAL ELEMENTS TABULATED 

“ The following elements have been included : — 

“1. Rainfall. — Expressed as the average of the amounts 
recorded at the station on the days assigned to each of the 
several types. 

“ 2. Rain Days. — The proportion of days of each type which 
were ' Rain days ’ at the several stations, i,e. were days for 
which at least '01 inch of rain was registered. Eor convenience 
this number is tabulated as the number of rain days 
experienced per ten days assigned to the type. 

“ 3. Cloudiness. — The average percentage of covered sky at 
9 a.m. and 9 p.m., or at 8 a.m. and 6 p.m. respectively, for the 
days assigned to each type. 

“ 4. Maximum Tempeuatlijie. — T he average of the readings of 
the maximum thermometer for the days of the type. 

5. MiNmuM Temperatuue. — The average of the readings of 
the minimum thermometer for tlie days of the type. 

“ 6. Sunshine. — Expressed as the average of the number of 
hours of sunshine recorded on the days assigned to the type. 

“7. The Direction of the Wind. — For this the wind 
observations for the days of each type have been grouped into 
four quadrants ; and, with the number of calms, percentages 
of the winds for each quadrant and of calms have been 
made out. 

“It is evident from the principle upon which the classification 
has been conducted, that the south-easterly type ought to be 
associated with south-easterly winds at all the stations in the 
district, subject to two conditions : — (1) that the classification 
has been successful; (2) that the wind observations at the 
station are unaifected by local configuration or conditions. 
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Hence the particulars about the wind afford an indication 
as to how far the wind observations at a station compare 
with the general meteorological conditions. It should, how- 
ever, be repeated that the plan of using only quadranial 
clafabilication introduces a little uncertainly here. The days 
of due westerly wind will be divided between the north-west 
and south-west quadrants, and the former may appear as 
divergences from the ideal winds of the south-westerly typo 
without very much justification. Borne difficulty of this 
kind is unavoidable with any system of clasjsiiication, but the 
effect is likely to be considerable when four points only are 
used. 

“ 8. Wind Force. — The average of the Beaufort scale returns 
noted at the stations on the days assigned to each type has 
been tabulated for each station. It will bo noticed that the 
data under this head show some unaccountable anomalies. 


APPLICATION OF THE METHOD 

“ By this system of classification we reduce the climatological 
data for each station to a series of twelve numbers for each 
type, seventy-Uvo in all, which can be compared one with 
another. The numbers for each station are thus considerable, 
for a group of ten stations they reach in the aggregate 720 ; 
if we add the numbers of days of tlie several types, we get 
726 numbers, representing the data for a district which 
comprises ten stations. 

“ They can be utilised for several purposes — 

“ (1) To give the comparative frequency of the days of 
each type of pressure distribution. 

•‘(2) To compare the results at an individual station for 
the various types. 

“ (3) To compare the general results for the districts for 
the several types. 

“ (4) To compare the stations in the same district for each 
type or pair of types. 
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REPRESENTATION OF THE RESULTS 

“ In order to make aU these comparisons easy, it is desirable 
to exhibit the whole of the results on one sheet of paper in 
such a way as to give prominence to features that deserve 
attention, whether they be the general features of a group of 
stations or the spocihe features of an individual station. 

‘‘ TJie results are shown on the diagrams Eigs. 79 — 83. For 
District 7 (England NW), the specification of each type and 
the number of days assigned to it is given in the left-hand 
margin. Six hundred out of the available 660 numbers 
representing the data of the ten stations in the district (sun- 
shine has not been dealt with in this diagram) are each 
represented by a column of suitable length, the elements for 
the uhole set of stations being grouped in compartments. 
The remaining sixty numbers, representing the percentages of 
calms for each type and each station, are written against 
figures identifying the stations in the horizontal spaces cross- 
ing the columns for wind direction. The same figures at the 
bead and foot of each column are used to identify the stations 
to which the individual columns refer, with the assistance of 
a reference list at the foot of the diagram. 

“ In order to distinguish between different classes of stations, 
the columns used to represent the data arc differentiated ; for 
example, in the first two diagrams, those for England NW 
(Figs. 79 and 80). the columns lor coast stations are in solid 
black, while those for inland stations arc merely hatched. In 
the second pair of diagrams, Midland Counties (Figs. 81 and 82), 
there are no coast stations, and the full black columns reijre- 
sent stations at a height of over 500 feet above mean sea-level, 
while the lower stations are represented by columns of a lighter 
shade. In the fifth diagram, Scotland E (Fig. 83), the black 
column has been retained for stations of over 500 feet, while 
lower inland stations have a dark shading, and coast stations a 
lighter shading. The averages for stations in the district are 
indicated in the several compartments by horizontal dotted lines, 

“ In each diagram the scale for each element is uniform 

o2 
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llT.roii§liout tlic series ol types, witK tlic exception of flic 
rainfall for Type 1 in Scotland E (Fig. 83), and for Type 5 in 
Figs. 80, 82. and 83. In these eases, which are shown by an 
asterisk in the diagram, the rainfall scale has had to be reduced 
in order to keep the diagram ^Yithin reasonable dimensions. 
Temperatures are referred to a base line of 32'^ F. for the 
January diagrams, and to one of 12° F. for the July diagrams. 

SUMMARY OF THE RESULTS 

“ Wo may now proceed to consider some of the details shown 
in the diagrams, and of the general inferences that may be 
drawn from them. First, as to the prevalence of the several 
types of distribution, wo have the following table : — 

NcMai-ui OF Days of Each Type, 


■ 

Type. 

ISSOLAMJ, XW. 

1890— ISOS 
Jamiaiy. Jiilj*. 

Midi and 
C dUMlHS. 
1807— 1S9<). 
.I.iiiuar}. July 

SroTi A\D, E, 
1897— 1899. 
Jnmitiiy. July. 

I. South-easterly . 

13 

2 




IT. South-westerly , 

40 

35 




HI. North-westerly , 

IS 

28 




IV. North-easterly . 

13 

6 

■9 



V. Variable cyclonic 

7 

8 

■9 



VI, Variable aiiticjxlouic . 

2 

14 

1 

19 

21 



“ The January data for Scotland E and the Midland Counties 
are for the same period, and the relative preponderance of the 
south-westerly and north-westerly types in the more northern 
district represents the difference of general climatic con- 
ditions for the two districts; on the other hand, the data for 
the adjacent districts, England NW and Midland Counties 
are for periods which have two years in common, and the 
differences represent the differences of climatic conditions on 
the average of the three years. 

“ It is, of course, assumed here that the errors of judgment in 
assigning days to particular types are not sufficiently important 
to affect the result. This point could only be adequately 
decided by a ro-examinalion of the details of the original 
classification, but some light is thrown upon it by a con- 
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sideration of the tabulated wind directions. If the winds 
show themselves true to type, as on the whole they do, the 
classification is to a certain extent confirmed. 

“ Some interesting points of detail may be briefly referred to. 

“ In the January diagram (Fig. 79), the comparison of 
rainfall at Aysgarth on the east of the Pennine Chain and 
Stouyhurst on the west shows how the rainfall is affected 
by the watershed. The former gets the heavier rainfall with 
easterly winds, the latter with westerly. The temperature 
columns show the advantages of coast stations as regards 
winter, except in the special case of Heysham, for the two 
days of variable anticy clonic weather in the three winters. The 
cloudiness column shows Llandudno in an exceptional position. 

“ The details of the wind-force column, particularly the light- 
ness of the wind at Southport, clearly demonstrate the 
necessity for further inquiry into the methods of estimation. 

“ For July (Fig. 80), we may notice the remarkable inequalities 
of rainfall with the variable cyclonic type — the type under 
which thunderstorms would probably be classified (the scale 
of the diagram for that compartment has had to be modified 
to accommodate the figures), the dryness of the north-westerly 
and north-easterly types, the temperature relations of coast 
and inland stations, and again the irregularities of wind force. 

“ In the January diagram for the Midlaud Counties (Fig. 81) 
the results are surprisingly homogeneous, the relations of winds 
to type are clearly marked, and the ivind forces arrange them- 
selves in what may be called a normal manner. The con- 
spicuous rainfall at Buxton for winds from westerly quarters is 
clearly brought out ; and other points of interest arc the dryness 
of the anticyclonic type, the low temperatures and abundant 
sunshine of the north-westerly type, with a corresponding 
freedom from cloud, the high temperatures of the south-westerly 
type, and in general the temperature relations of the different 
types. 

“ In the July diagram for the same district (Fig. 82), notice 
the concentration of rainfall (0-2 inch), rain-days (7), and 
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cloudiness (8), under the variable cyclonic type, the dryness 
of the north-easterly and variable anticyclonic types, the 
high average maximum temperature (above 72°) under the 
south easterly tyj)e, and the low maximum (68°) under the 
variable cyclonic conditions, the relative irregularity of the 
winds, in consequence, doubtless, of the solarisation (the 
irregularities are most marked under the sunny types south- 
east and north-east). 

“ The diagram for Scotland E (Fig. 83) is in many respects the 
most interesting, not only in Edinburgh, but to meteorologists 
generally. Among the many points of interest a fcAv may be 
mentioned : — The apparent certainty of rainfall (eight rain- 
days out of ten at the most favoured stations), and the 
abundance of rainfall under the variable cyclonic type — the 
scale in this tj'pe also has required modification ; the irregu- 
larities of rainfall under the north-easterly type; the occurrence 
of substantial rainfall \Yith winds from all quarters ; the largo 
excess of rainfall at Eosewell compared with Edinburgh for 
the north-easterly type ; the prevalence of clouds under the 
south-easterly type ; the high temperatures under the south- 
westerly type ; the low temperatures under the north-westerly, 
and variable anticyclonic types, esf^eciall}’ at the high-level 
stations Braemar and Lednathie; the absence of sunshine 
in the south-easterly type (not to mention the absence of 
sunshine data for all types). 

“ The irregularities in the wind force again call attention to 
the necessity for further inquiry into the estimates of that 
quantity. 

I have given, I trust, sufficient examples to show that the 
f1 in grams exhibit a number of interesting and sometimes very 
striking points, which would be masked or obliterated if the 
averages, instead of being limited to the days of the individual 
types, were extended over whole months. One or other of the 
various features would then only become apparent if the month 
happened to correspond with the prevalence of a particular 
type.” 
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EXTENDED APPLICATION OF THE METHOD 

After the publication of the paper from which quotation 
has been maJe, an endeavour was made to deal in the same 
manner with the information collected by the Meteorological 
Office from its telegraphic reporting stations and the stations 
of the second order which record observations daily at 9 a.m. 
and 9 p.m. local time. 

The method of grouping was found too indefinite for 
effective classification. The items ‘‘variable cyclonic” would 
include the weather ]ust north as well as just south of a 
cyclonic centre, and these often present most striking differ- 
ences of character. Moreover, the soutli-westerly type would 
include in one category the anticyclonic side, which might be 
typically fine, and the cyclonic side of a great south-westerly 
stream of air, uhich might be typical IjM'ainy. It was there- 
fore decided to divide each quadrantal group into three 
sections, viz., cyclonic, intermediate or straight isobars, and 
anticyclonic. These w'ould still leave a few unclassified cases 
of cyclonic centres within the district dealt with, and a few 
cases of variable anticyclonic legions. 

For the grouping of days at different times of the year the 
month was considered to be too short to give a sufficient 
number of cases in any one year, and the following grouping 
of six or seven weeks, was settled : — 

January 8 — February 18. — Period of greatest cold. 

February 19 — April 8. — Vernal equinox. 

April 9 — May 27. — First minimum of semi-annual variation 
of temperature — May chills.^ 

May 28 — July 8. — Summer solstice. 

July 9 — August 19. — Period of greatest heat. 

August 20— October 7. — Autumnal equinox. 

October 8 — November 25. — Second minimum of semi-annual 
variation of temperature — November chills. 

November 26 — January 7. — Winter solstice. 

» See Shaw and Cohen, “ Proc. Roy. Soc./‘ Vol. 69, p. 61, 1902. 
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The work of tnhnlelimi, bognn in 1905, wns done in wluit 
may be called the “ spare time ” of the forecast branch of the 
Meteorological Office. Other occupations, temporarily more 
pressing, have been allowed to encroach upon the spare time 
until the work has gradually got into arrears and ultimately 
come to a standstill with the year 1906 not completed. The 
material dealt ^^ith is already imposing as it involves the re- 
compilation of all the figures for twenty-seven telegraphic 
reporting stations, and for thirty-four stations of the second 
order. 

I have taken out the results for 1905-6 for the normal clima- 
tological stations in all the different districts, and give some 
examples of the results in the table which follows (pp. 204, 205). 
The period chosen is the first, that of greatest cold. January 8 
to February 18, and as a matter of curiosity for that period of 
the year I have taken the duration of sunshine. The figures 
show the average daily amount of sunshine at each of the 
stations on the days of occurrence of the several types. The 
number of days of each type is given for each distiuct, and on 
the results of those days the stations within the districts may 
be compared. Where a number is enclosed in brackets the 
records for the corresponding station are incomplete. For 
a considerable number of the types the number of days is so 
small that no effective conclusions can be drawn from them. 
Perhaps the most noticeable feature of the table is the large 
allowance of sunshine in England east and south-east during 
the north-westerly types, but many more points of interest 
follow from an examination of the figures. 

As a guide to the forecaster I have bad an asterisk (’*) put 
against the numbers of days when they were “ all rainy ” and 
a double “ s ” (§) when all were fair. It is to be feared that 
the table as a whole is in favour of “ some rain in places ” as 
a safe forecast for nearly all types in that particular period. 
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Average Number of Hours of Sunshine per day in the Several Types of I’rcssure Distnbuhon. 
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CHAPTEE YIII 


THE PHYSICAL PROCESSES OF WEATHER 

As a further necessary preliminary to an endeavour to "ive 
a dynamical or physical explanation of the recognised princijiles 
of forecasting by means of synoptic charts, we now proceed to 
consider the physical processes which may, or, in a sense, 
must be involved in the sequence of j)henoinena included in 
the term “ weather.” "We have dealt ith the relation between 
wind and pressure in Chai^ter IV. We may here recapitulate 
in a few sentences our position with regard to that part of the 
subject. The only forces which, so far as we tnow, are avail- 
able to produce horizontal motion in air are the forces due to 
the di&trilniLion of pressure. It is perhaps not unnatural for 
a reader who has paid little attention to the actual conditions 
of the atmosphere to regard still air, or calm, as a normal 
condition, and wind, or moving air in the manifold forma 
described in Chapter V., as a disturbance of the normal state. 
Further consideration, however, leads us to consider a steady 
current in which the barometric pressure-gradient is balanced 
by the velocit}' of the air as being the only reasonable repre^ 
sentation of normal atmospheric conditions, and the production 
and maintenance of a calm as being something of the nature 
of a meteorological curiosity. If we imagine for a moment an 
originally calm atmosphere, the variations in temperature due 
to the unequal heating of diliei*ent parts will give rise to differ- 
ences of pressure, and differences of pressure will set the air in 
motion, initially, down the gradient. The rotation of the earth 
at once operates to cause a deviation, and the motion soon 
adjusts itself so that the gradient is balanced by the velocity. 
We find when we consider the air at some distance above the 
surface that the balance between gradient and velocity is very 
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closely kept in many parts of the world, and many of the most 
obvious phenomena connected with the distribution of pressure 
and wind are explained on the supposition that such a balance 
exists. It is reasonable therefore to regard the normal state 
of the atmosphere as a steady state of circulation in which 
gradient is balanced by velocity disturbed by surface friction 
and other causes. This method of regarding the normal state 
is the more reasonable because it gives us a normal which 
actually corresi)onds with the average state as derived from 
the combination of observations the world over and is repre- 
sented in its main outlines by the isobaric lines of the charts 
of average pressure, wdicreas an imaginary normal state of calm 
corresponds with nothing that, speaking generally, can be 
regarded as an average result for any part of the earth’s 
surface. We shall therefore endeavour as far as possible to 
keep in view the idea that the physical processes which we 
are considering take place in some modification of a steady 
state of circulation, and not in a quiescent atmosphere. 

This idea is really essential to a proper understanding of the 
dynamical conditions, and hence of the stability or instability 
of the meteorological situation represented by synoptic charts, 
[t suggests that the great streams of air, sometimes as much 
as 1,000 miles broad, are, from their own momentum, 
features of greater importance from the dynamical point of view 
than the positions of high or low pressure. The impression to 
be gathered from current meteorological literature is that the 
meteorological situation is represented by the meandering of 
high and low j)ressure areas in an inert medium, the undis- 
turbed air. We are accustomed to speak of a cyclone encroach- 
ing upon an anticyclone, or an anticyclone resisting the 
advance of cyclonic depressions, as though there were a neutral 
field of operations in w'hicli these encounters take place. As 
a metaphorical description of a sequence of meteorological 
conditions, this particular form of literature has its utility, but 
the limits of utility are very easily passed. The cyclone, the 
anticyclone, and the areas in which they operate are all parts 
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of Hi siugle general circulatiion of currents. An anticyclone ia 
maintained by the currents Nvhich circulate round it. If they 
fail the high pressure disappears, and similarly it is not 
possible often to say whether a centre of low pressure is the 
cause or the consequence of a westerly current of wind. 

CHANGES OF TEMPERATURE 

It is important to recognise at the outset that the tempera- 
ture of moving air may change for either of two fundamental 
reasons — (1) because it takes up heat from other hotter 
bodies or gives out heat to other colder bodies, or (2) without 
any transference of heat whatever, and simply on account of 
the alteration of its pressure. It is doubtless difficult to find 
cases in nature in illustration of one of these causes of change 
of temperature without complication by the other: but in the 
laboratory it is quite easy to show experiments in illustration 
of either separately, and it is not at all difficult to find 
examples of natural processes in which the one cause or the 
other is clearly predominant. 

Air is warmed by taking in heat when it passes over warmer 
ground, or warmer water, and conversely it is cooled when it 
passes over colder ground or colder water. In “ The Life 
History of Surface Air Currents” it is noted that, as a result 
of the operation of this exchange of heat between the air and 
the land or water, it may be said that over the sea the tempera- 
ture is controlled by the water, whereas on land the control 
of temperature is with the air. But the ground is the first to 
show the effect of heating in the sun^s rays by day or cooling 
under a clear sky by night. 

SOLAR RADIATION 

The thermal processes of heating and cooling of the atmo- 
sphere begin originally with the transmission of energy in the 
form of wave motion by radiation from the sun. The solar 
radiation includes waves of a great diversity of wave-length 
from the invisible radiation of long wave-length beyond the 
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red end of the spectrum to the invisible radiation of short 
wave-length beyond the violet of the Bi)ectruni. The whole of 
the energy of this radiation would bo represented by its 
equivalent in heat if the rays fell upon a perfect absorber. 
Lamp-black is practically a perfect absorber or a perfectly 

black body for all rays. Part of the solar energy of 
radiation is absorbed by the gaseous constituents of the 
atmosphere, part by the dust in the atmosphere, so that the 
air is warmed directly by the absorption of solar energy, 
and, 'per contra, it is cooled at night by the radiation 
from the gaseous constituents and the dust particles to the 
clear sky. Of the gaseous constituents water-vapour is the chief 
radiator and absorber of radiation of long wave-length. 

Regarding the particular side of the subject that deals with 
the disposal of the radiant energy of the sun when it reaches 
our atmosphere, the processes are very complicated. Part of 
the energy is dispersed and the dispersal is held to account 
for the blueness of the sky ; part is absorbed selectively by 
the gases and vaj^ours of the atmosphere, that is to say the 
energy represented by waves of different length, or by light 
of different colour, to use the phraseology of optics, is subject 
to different degrees of absorption by the various constituents 
of the atmosphere. Part is reflected from the upper surface 
of clouds or of the sea or earth, and traverses the atmosphere 
again. Some is reflected and some absorbed by the dust that 
floats in the atmosiDhere and the remainder is absorbed by 
the sea water or the objects on the earth’s surface upon which 
the radiation falls.^ 

Hence to give a detailed account of the distribution of the 
solar energy which reaches the atmosphere is beyond our 
power. What is observed as a meteorological element by the 
standard instrument for measuring solar radiation known as 

^ EaLimatca o! the ultimate distribution of radiation are given by Mr. W. H. 
Binct in a papor on Tho Heat Balance of the Atinosphei-c in the “ Q. J. 
Uoy. lUet. Soc.,*' 1917, and other particulars about radiation in relation to tlio 
atmosphere are given in Atmospheric and 'rerrestrial Racliation,” “ Q. J. 
Roy. Met. Soc.,’* vol. 46, 1920, p. 163 ; and in “ Geophysical IVlcmoiis,** 
No. 18 (M.0. 220h), Observations on Radiation from the Sky."’* 

P.W. 


P 



210 FORECASTING AVEATHER 

a pyrlieliomcter or bolometer is the total amount of soLar energy 
absorbed by a blackened strip or wire of platinum exposed to 
tlie sun’s rays. From this may be computed the amount of 
energy supplied by the sun to a measured area, but reduced by 
tlic losses incidental to the passage through the atmosphere. 
For many years the temperature of a black bulb in vacito has been 
read as an index of the intensity of solar radiation, but no means 
have been found lor intcrj)reting its readings in terms of the 
energy received upon a measured area. 

Interest in measurements of this character has boon quickened 
by tlie work of Air. II. 11. Clayton, formerly of Blue Hill Observa- 
tory and now attached to tlie Aleteorological Office of Argentina, 
Ho finds a direct connection between mca&urenicnts of solar 
radiation in the Andes (Calama, Chile) and the subsequent 
temperatures at Buenos Aires. We shall refer to the matter 
again in Chapter XXIII, 

In our study of dynamical meteorology we can only deal 
with the indirect effects which the absorption of solar radia- 
tion produces, and which are represented by the changes of 
temperature of the sea and of the land surface, and thence, 
indii’ectly, of the surface layers of air. AA^e may suppose that 
this communication of heat to the surface layers of air is the 
chief source of heat for the atmosphere, 

CONVECTION OF HEAT 

When air absorbs heat by contact with the ground or 
directly from the sun its temperature rises, provided, as we 
shall see later, that its pressure is not automatically 
diminished. It becomes thei-efore specifically lighter, and 
if the heating is localised the lighter air will be pushed 
upward by the descent of the surrounding air. It must he 
remembered that for heated air to ascend there must be cooler 
air to take its place ; it must not therefore be assumed that 
every place where air is warmed is necessarily a place where 
air is ascending. Generally speaking, however, localities where 
air is being warmed by the sun arc localities where air is rising. 
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This iDi'Ocess itsuds io limit the extent to which the surface air 
can be heated, in other words it fixes a superior limit to the 
reading of a maximum thermometer. On the contrary, 
surface air which is cooled locally must remain on the 
surface or trickle down to lower levels like water. The 
limiting readings of minimum thermometers are therefore 
much less restricted than those of the maximum, and it will 
be noticed that readings of the maximum thermometer at different 
stations on a hot clay show niucli less variation than the readings 
of the niiuiiniim thermometer on a cold night. 

CHANGES OF TEMPERATURE WITHOUT COMMUNICATION 
OF HEAT-DYNAMICAL COOLING 

Hitherto we have considered the changes of temperature 
that are associated with the communication or abstraction of 
heat ; let us now turn our attention to the method of altering 
the temperature of air without transference of heat. Prom 
the numerical point of view the question is closely concerned 
with the principle of the conservation of energy. For a 
certain amount of work measured in foot-pounds, gramme- 
centimetres, or ergs, a certain equivalent in heat, measured in 
pound-Falirenheit units, or in grauiino-calories, can always be 
obtained. When air is compressed in a closed space, as, for 
example, by pushing a piston into a cylinder, the compression 
represents a certain amount of work. This work is just as 
effective in warming the gas as if it had been first converted 
into heat and then the heat transferred to the gas. The 
constitution of the gases that com23ose dry atmospheric air is 
such that practically all the work of compression is disposed 
of in this way, and the amount of dynamical warming due to 
compression can be calculated. Here are the formulae : — 
Suppose that the volume of a quantity of dry gas is changed 
by compression from vq to v, and the temperature measured 
from “ absolute ’’ zero is changed in consequence by dynamical 
process from To to T, then 

log T — log Tq = 41 (log Vo — log 
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Suppose that we know the alteration of pressure ; for that case 
we have the formula : 

log T — log To = ‘29 (log 2> — log ?o)- 

If we wish to demonstrate this effect practically we must 
take steps to prevent it being masked by the loss of heat 
which will begin to take place as soon as a difference of 
temperature has been produced by dynamical process. One way 
of doing this is to produce the compression suddenly so that 
there is not time for the heat to escape. A better way would 
be to have the air in a vessel made of material that is 
perfectly impervious to heat, only, unfortunately, no such 
material exists. Consequently experiments in this subject 
require skill and attention. Eapidifcy of compression is needed, 
and, as far as possible, heat insulation also. Many experi- 
ments in illustration of dynamical heating are described in 
TyndalFs “Heat a Mode of Motion,” and they generally 
find a place in a course of physics. The process is perfectly 
reciprocal; expansion without communication of heat will pro- 
duce cooling just as compression will produce heating. The 
same formulrc are applicable. 

The process and the corresponding formulje are funda- 
mental for dynamical meteorology, because in the atmosphere 
the elevation of air necessarily implies a reduction of pressure 
and descent of air corresponding increase of pressure. Eleva- 
tion or descent may take place comparatively quickly and in 
circumstances such that there is practically no means of 
adding or taking away heat from the ascending or descending 
air. For example, suppose a mass of air becomes warmer at 
the surface and rises ; after it leaves the surface no further 
communication of heat can take place except what can be got 
from radiation, either solar or terrestrial, passing through it, 
or from the juxtaposition of masses of different temperature. 
For the interior portions of the mass of air the latter can 
have no effect, and the effect of radiation upon transparent 
air is very small. Hence what may be called a floating cloud 
of transparent air is practically entirely protected from the 
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Rommiinication of heal by conduction or radiation, and must 
respond almost completely to the changes of temperature 
depending upon dynamical changes, that is, in this case, to 
changes in pressure alone. 

When a mass of air is so i)rotected that no heat can be 
transferred to it or taken from it by conduction or radiation 
while it is exposed to variations of pressure, the conditions are 
said to be adiabatic or isentrojne, the first term indicating that 
there is no transference of heat, and the second that there is 
no change of entropy. Since entropy can only be changed by 
adding or taking away heat, the two terms indicate the same 
conditions, but the term “ adiabatic,” meaning that there is 
no flow of heat through the boundary, has reference to the 
external conditions, while the term “ isentropic,” meaning 
that the entropy of the gas remains the same, has reference 
to the gas within the supposed enclosure. However, for all 
the purposes with which we are concerned, the two may be 
regarded as expressing the same idea, namely, the restriction 
of the changes to those produced dynamically without any 
communication or loss of heat as heat. 

COOLING BY WARMING 

The conditions of the atmosphere under which adiabatic 
changes take jDlace lead to the paradoxical result that the 
communication of heat to air may be the cause of its 
becoming colder, that is, of its temperature being reduced. 
The condition may be understood as follows : — Suppose we 
have a quiet atmosphere, and that a part of the surface layer 
is warmed by contact, for example, with warm earth. The 
^varmed air will rise ; how far it will rise depends upon how 
far it has to go in order to find air of its own temperature. 
The ascending air will cool to begin with at the rate of P F. 
for 185 feet The surrounding air is also cooler as we go aloft, 
If its rate of lapse of temperature, as it is called, is as much as 1® F, 
for 185 feet, the adiabatic lapse-rate for dry air, the ascending 
air will find no resting place ; in every position it will be 
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warmer than the surrounding air, because it started wanner, 
and the t^^o cool eqiully : it will thus always go on rising and 
consequently cooling. Ileucc, if \\g had an atmosphere with 
the tempera TUTc lapse-rate, from bottom to top, of 1'" F. for 
1 n 3 feet, tlic arming of a parr of the bottom layer by a 
^inglc degree ^^ould result in its rising to an unlimited height 
with comequent unlijnited reduction of tem])erature. 

It is seldom. hoA^cver, that the lapse-rate of temperature in the 
sumnindmg air is as much as the adiabatic lapse of PF. for 
185 feet. It is usuallv about 1 F. for every 300 feet. In that 
case the ri^ng an uill lose 1*6T. in 300 feet, wliercas the 
surroimdiiiir .ur ^^dl lie only 1 lower. Hence the rising air will 
lose *6" F. for every 300 feet as compared with the surroimding 
air. So if it starts with *2° of difference, the temperatures will 
be equal at 1.000 feet, but the temperatures of both will be 
3‘3" F. belo>A ilial of tlio surrounding air at the surface. Hence, 
we have tlio paradoxical result that the effect of warming a 
portion of surface air by 2' is to reduce its teinperatnrc by 
3 on balance, by lifting it to 1,000 feet. In other words the 
rcMilt of warniing it by the communication of heat enough to 
rai^c its temperature in siiu two degrees, is in the end to 
cool it three degree^. 

This paradoxical effect may bo illustrated experimentally by 
an apparatus whicli was exhibited at a conversazione of the 
Institution of Civil Engineers, and subsequently attlie British 
Association at Southport, in 1003, and which received the 
name of the “thermopsych’* because it demonstrates the 
cooling*of a mass of air by conmiunicatmg beat to it. An 
earlier form of the apparatus is shown in a paper on “ La 
Lime mange les Nuages,” read before the Royal Meteorologi- 
cal Society in 1902. The representation of the more recent form 
is given in the reprint of tho paper at the end of this chapter 
Fis. 93. 

It is a matter of some consequence in dynamical meteor- 
ology to realise the importance of those changes of 
temperature due simply to changes of pressure. They are 
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geiiei ally referred to as i>heiioiQeija associated Tvith dynanueal 
cooling or dynamical heating. The modification in the 
equations which is introduced ^Yhen water vaijour is contained 
in the air will be dealt with later on. 

HUMIDITY 

Water vapour is the most variable of the constituents of 
the atmosphere. The sujiply is replenished in an invisible 
manner by the silent evaporation of water or ice from the 
surface of sea and land, and particulaidy from trees in leaf. 
Evaporation is always taking place so long as the air in 
contact with the surface is not completely saturated. The 
resl oration of the water to the surface is not by any means 
so uiij)erceivtJ or undemonstrative. Piain, snow, hail, and 
all their consequences are incidents in the process of 
restoration of the evaporated water to the earth’s surface 
again. 

The amount of water held in suspension in the atmospliere 
at any time is only a small fraction of that which tabes part 
in the atmospheric circulation in the course of a year. An 
inch of rain w^ould as a rule be more than enough to rejn'e- 
seiil the amount of water contained in a vertical column of 
atmosphere if it w’ere saturated, so that for heavy rainfalls it 
is in a peculiar sense that the air can be regarded as tlie 
carrier of the moisture. It must not be supposed that a 
cloud can be charged with water-drops to such an extent that, 
l)y carrying thorn over the country and Ji’opping them 
graduall}, as if from a w'atering-can, it can supply fhe rain 
that is actually luoasiired at the surface. The cloud must be 
regarded rather as marking the position at which rain-drops 
are being formed by the continuous ascent of fresh suppliea 
of air. 

The physical conditions by wdiich tbe evaporation and con- 
densation of water in the atmosphere are regulated are not 
easily grasped without a course of experiments in illustration 
of the properties of mixed gases and vapoui’s, and such a 
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course cannot find a place in this work. I shall, however, 
attempt a resume of the results for the sake of keeping certain 
definite ideas in mind. 

First of all let me say a word or two about dry air. 

T must begin by saying that the term ‘‘dry air” is used by 
different 2 ^ersons or on different occasions in two different 
senses, and it is not unlikely that this practice may lead to 
some confusion unless the reader is on his guard. For the 
student of physics, “ dry air” means air from which all water 
vapour has been completely removed. To whatever extent it 
maybe cooled by artificial or natural means, no “ dew-point” 
could ever be reached, that is to say, no deposit of water 
could be obtained from it. For the ordinary person and for 
the meteorologist the air is dry when it has considerable 
caiiacity for absorbing ^^ater vaj^our by evaporation from wet 
burfaces. One can make comparisons and call one sam^de of 
air dry and another very dry, according to their jiower of 
evaporating water, and. indeed, meteorologists speak of degrees 
of dryness as the counterpart of degrees of humidity. For 
the student of jfiiy&ics there are no degrees of comparison as 
regards dry air. It is either dry because it contains no water 
vapour at all, or it is moist, not in the trivial sense of causing 
a deposit of water on walls, buildings, or clothing, but in the 
sense of holding some water-vapour which can be made 
evident as a deposit upon a polished surface by sufficient 
cooling. 

I am afraid that it would be necessary to coin a new woi’d 
if I wislied to keep separate the two senses of the word dry, 
and I will not attempt that. With practice, the context gives 
a sufficient indication of the sense that is intended. 

All air, as we find it, is more or less moist, and the dry air 
of the student of physics is an artificial product obtained by 
removing all the water vapour. The ordinary way of doing 
this is to pass the air over substances which absorb water 
vapour. Strong sulphuric acid or phosphoric anh 3 ^dride is 
the best ; calcium chloride is nearly as good, but it is not so 
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eilecli\tj as the otliers. A belter way of drying air on the 
commercial scale is to reduce its temperature. Very little 
water vapour is left if the temperature is reduced below 
the freezing point, and reduction to a temperature near the 
point of liquefaction of air renders it perfectly dry for all 
practical purposes by condensing the water vapour. 

The next idea which should be formulated is that of the 
saturation of air by water vapour. More strictly, perhaps, we 
ought to speak of the saturation of a space by water vapour 
because in a closed space, with a supply of water in it, the 
amount of water vapour will be the same whether there is dry 
air or any other gas present or not. The statement of this 
important principle is known as Dalton’s law. 

Let us suppose that we have a closed vessel which contains 
dry air, of which we have some means of measuring the 
pressure. Let a few drops of water be introduced into the 
vossel, and watch the pressure gauge to see the effect of intro- 
ducing the water. As water evaporates, the pressure in the 
closed vessel will increase by the addition of the pressure of 
the water vapour formed, until a certain limit is reached which 
depends upon the temperature of the vessel and, curiously 
enough, upon nothing but the temperature. Hence, if we wish 
to make the experiment, it will be necessary to take pre- 
cautions to keep the temperaturo constant, or to know its 
variations. The original pressure of the dry air may have 
been anyiJiing whatever — an ‘‘ atmosphere,” ^ or 1,000 millibars, 
one-tenth of an “ atmosphere,” or 100 millibars, or none at all ; 
the evaporation will go on, always supposing that the temperature 
is kept the same, until the pressure has been increased by 
a certain fraction of an “atmosphere” depending upon the 
temperature. At S2P F. the increase of pressure due to 
water vapour will be x atmosphere,” at 50° F. 
twice as much, m., y\jth of an “atmosphere,” at 78° F. 

J An “atmospheie*’ is used here to signify the prcssnic of a megadyne per 
square centimetre or the avciagc atmospheric pressme at 106 metres abore sea 
lerel, appioximalcly equivalent to 2U 5 inches, or 750 mm. 
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■L&t, at 00 F. i\th, at 114^ F. about mid at 211-3'^ F. 

a full “aimo-pliere^’ in tie sense in which we arc using the 
word here. These pressures are the sutural ion pressures of 
the \\atcr- vapour at the respective temperatures, and when 
e\])iessod in millibars are 6-2 mb., 12*5 mb., 32 mb., 59 mb., 
83 mb., and 1,000 mb. respectively. 

Table of Svtuuation Pressures in Tuousvndtus 
OF AN “Atmosphere” (millirapv*^). 


Temperatures. 

Saturation ricssure. 

t 

F 

mb 


26 6° 

49 

275 

35 0“ 

70 


44 6° 

10 0 

285 1 

53 

13 9 


62 6'’ 

10*2 

295 

716® 

26 2 


80 6® 

35 2 


80 6® 

47 6 


08 6® 

62 1 

;U5 

107 6® 

813 

320 

116 6® 

105 3 


The presence of dry air, be its pressure great or small, 
makes no difference to the final result, but it makes a great 
difference to the time which will be required for the saturation 
to be reached. It is a slow process when the dry air pressure 
is that of the ordinary atmosphere, it is practically instan- 
taneous if there is no dry air present at all, but in every case 
the evaporation goes on until the ‘‘saturation pressure” is 
reached, and then stops. 

A table of saturation pressures of water vapour at different 
temperatures is given in the table above, and it is 
represented in the diagram (Fig. 84) which faces it. 

We have supposed the space in which the evaporation 
takes place to be closed because we wished to measure the 
effect upon the pressure. In the open air we cannot deal with 
closed spaces, but the pressure and temperature of the free 
air can be altered, and we must therefore consider the change 
of state as regards saturation in these circumstances. 
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So long aa the au’ is not saturated, moist air follows the 
same laws of expansion and contraction under changes of 
pressure and temperature as dry air under the same changes 
of pressure and temperature. Until the condensation point 
or dew-point is reached, the water vapour in the air behaves 

120 

100 

i 

f 

I 60 

Si 

e 

0 

1 40 

«3 

20 


270 280 290 300 310 320 

Tmpeiature-^on ttie tercentes/ma) sca/e 

Fk^. 84. — Maximum Piessures of Water Vapour in Millibars or 
Thousfiiidtlis ot an “ Atmospheie" at dilTeicut Toinporatures 
on the 'J’ciooiiiebimal Scale, i.c., in Ceiilipcriide Deg'ees measuied 
lioiu Absolute Zeio (273 t. below the melting point ol ice.) 

like dry air, except that under like conditions of pressure and 
temperature it only weighs five-eighths of what the same 
volume of dry air would weigh. 

In an unsaturated mixtui-e of dry air and vapour, the dry 
air and the vapour each bear their proportional share of the 
pressure throughout any series of changes of pressure and 
temperature so long as the saturation point is not reached, but 
if by gradual compression or by a gradual reduction of 
temperature, the part of the pressure borne by the vapour 
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rracho's the saturation pressure, a new state of things ensues. 
The Ti^ater vapour cannot bear any more pro^surc; further 


Water V vpour in a F^aturated At^io^pitere up to 30.000 ruEr. 

'^uifat'O Temperature, 50® F,, 2S3 t. A lap'sc-ralo of leinperatuie 
coire^ponding with the satination ailiabaiic is assumed. 


Hei^T ' <ihove s''a- 
].^tt 

rres‘»uTe, 

l-'‘iRpLion of the 
incb'.uic boiiio by 
‘the ^\ater vapoui 

W-.^lU Ml U \l.i 
Yapom — \Ve]t.k-i 

1 OryAii 

1 ronipemiupi*. 
liTt i-nti '.iiiui 

biJiU* 

rppt 

do.ooo 

ml). 

‘>02 

•OOOlO 

1 -OOdOli 

1 

t 

220 

2i\000 

o05 

j -00013 

1 -OOOOT 

222 

2S,OH0 

j 320 

' *00017 

1 -00009 

224 

27,000 

1 330 

■00021 

•00012 

226 

2S,00ii 

3oS 

•00025 

1 -00015 

2JS 

25.01)0 

370 

•00030 

•0001 s 


24.0 K) 

3S(i 

•00035 

, *00021 

.> 1 I TP? 111^ 

1 poinr ot 

2*i,i»00 

400 

•00040 , 

•00025 

23*7 ^m'^iLUiy 

22.000 

417 

•00010 

■00030 

237 

21,i)O0 

•135 

•ooo(j;5 

•0003S 

•240 

200 H)i) 

455 

•00078 

•01)017 

1 2 12 

19,(U)0 

478 

•00003 

•0005S 

' 244 

18,000 

498 

‘0011 

•00069 

216 

17,000 

518 

•0013 I 

•0008 1 

219 

ie,ooo 

539 

•0016 

•00096 

! 251 

lo,(>OI) 

559 

•0019 

•0012 

253 

14,000 

5Si 

•0023 

•0011 

255 

13, (MM) 

Oil 

•0026 

•oniG 

257 

12,000 

()35 

•0030 

■0019 

259 

11,000 

003 

‘0035 1 

■0022 

262 

10,000 

0S9 

•0010 

•0025 

2(H 

9,000 

722 

•0046 

•0029 

266 

8,000 

751 

•0053 

•0033 

26 s 

7,000 

781 

•0060 

•0037 

270 

6,000 

SI 2 

•0067 

•0042 

*i“.) rip<*/iTis» 

5,000 

S4S 

•0076 

•0017 

-ill W.iler 

4.000 

878 

■OOS 1 

■0052 

276 

3,000 

9)0 

•0092 

•0058 

277 

2,000 

945 

•0101 

•0064 

279 

1,000 

978 

•Olio 

•0069 

•281 

348 

1000 

•OUT 

•0074 

282 

Sea-le\cl. 

lOJO 

•0121 

•0076 

283 


operations in the direction of compression, or of cooling, 
result in condensation of soino of the vapour. 

Here let me remark that in spilo of tho vast effects which 
are the expressions of changes in the qiiantil-y of aqueous 
vapour carried in the air, tho mass of water vapour, compared 
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\sitL tlie of tlry air. i- >n.al]. A lofirrenci.* 

to the table i». 22n \m11 n i^k'- tk]" iiKportant poim ekai. 
The table i'< prepaml leju* ‘'t-iii the oiilinarv pie^Miie, 
temperature and c\»iiipi>^irn'n ol the air a'- le'j'arib water- 
vapour at diffeieut Ixeiirht*^ up tu r'lOoOn feet. It suppo^e^ a 
layer of atmo^pheiv fect rkkl:. ^^aturated witJi waier- 

vapour from bottom to top. The t*mi}xiatures ^\]lich Lave 
been taken at succe^'^ive height'^ are those obtained on the 
assum]>tiou that the la]xe-rate of temperature is that which 
would be given by a mas^ of air lifted from the bottom to the 
top \\ithout any ‘*ui)ply or loss of hear. It coincides very 
nearly ^^itll the average la])se'rate of temperature as determined 
by balloon and kite observations. Ft>r the sake of giving definite 
figures, the temperature at the bottom lias been taken to be 
50° F., 10’ C., 283 t. Such an atmosphere might be churned up 
meclianically to any extent without ])r(>ducing any final altera- 
tion, provided that time be allowed for the water condensed in 
the rising air to reach the niecliaiiicallj’ dried air beneath it. In 
that sense it is in comective equilibrium. 

The coliuims of the table give first, the height cabove the 
bottom (taken as sea-level) in feet, secoudlj^ the jiressurc in 
millibars, thirdly, the fraction of the pressure which is borne by 
the wntor-vapoui, the rest being borne by the dry air, fourthly, the 
fraction of the weight of w^alcr-vaiionr compared wdth that of dry 
air, and fiftlily, the icin])eraiure on the tercentesimal scale. 

A study of the flgiins in the fourth column shows that afc 
sea level and 283 t. the weight of water- vapour is only *0070. 
of that of the dry air with which it is mixed, ?.r., about three- 
quarters of one per cent. ; at 10,000 feet it is only one quarter 
of one per cent., at 20,000 feet a half of one-tenth of one per 
cent., at 30,000 feet a half of onc-huiidrodth of one per cent. 
These relative magnitudes must strike the reader as being 
very small, but they are what nature baa to deal with on the 
average in the atmosphere of this country. 

It is true lli.ii the quaniity of water increases very rapidly 
as higher temperatures are reached. If we take 310 t., 98*0'' F, 
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thfi normal temperaLure of the blood, as the highest tempera- 
ture at \\bich the air has ever been saturated naturally at any 
point of the earth’s surface we may take as much as five per 
cent, of the mixture to be water. 

Near the surface, in equatorial climates, such high tempera- 
tures of saturated air are at least possible, and hence the layer 
of air up to say 20,000 feet in those regions may contain more 
than five times as much water as that which can be contained in 
air at the average temperature of these islands, but when we 
get outside the tropical limits or at the height of, say, the Alps, 
water becomes universally a small but by no means negligible 
constituent of the aimosphere. 

The dynamical and thermal properties of dry air, pure 
water vapour and a mixture of dry air and water vapour which 
we call moist air, are most easily compared by means of 
diagrams showing the relation between the pressure which 
w’e may suppose to be expressed in fractious of an atmosphere,” 
or millibars, and the inverse or reciprocal \jv of the volume ex- 
pressed in cubic centimetres or cubic feet, which the gas, 
vapour or mixture is allowed to occupy. 

We are still supposing that w’e can control the volume of a 
limited quantity of gas or mixture, and that the pressure will 
adjust itself accordingly. For each line of the diagram we 
. shall suppose the temperature fixed. So long as no part of the 
water is condensed, Ijv may be regarded as the density of the 
gas or mixture, sui)posing that we are dealing with unit mass; 
but after condensation has commenced the idea of density 
must be some’what modified to make it represent Ijv. 

Changes of temperature will make an alteration in the 
pressure, so that we shall give tw'o lines, one for 270 t. (26*6° F.), 
and one for 300 t. (80' 6° F.), those being extremes which will 
include the great majority of temperatures noted in our local 
atmosphere. 

On account of the smallness of the proportion of water to dry 
air, as explained in previous paragraphs, it is not practicable to 
dra\v diagrams for dry air and water-vapour to the same scale 
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which can be applicable to nir near the siirlace where the pressure 
is great, but the ])rinciple is the same, and the conclusions which 
we draw will hold. 



The two straight lines OA, OB, in Pig. 8*), represent the 
relation between p and l/i; for dry air at 270 t. (26*6° F.) and 
300 t. (80 6 P.) respectively. The construction of the diagram 

1 / 

Rehtion between p and to 
fof witei -vapour at 270 1. OAa, an I at 300 1 OB*. 
veitical scale magnified. 



is simple ; taking OM to represent Ijv for a gramme of air at 
one “ atmosphere/’ represented by MB, when the temperature 
is 300 t. we get the point B. MA is 270/300 of MB, and the 
two straight lines joining B and A with 0 represent the relation 
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of the changes in pressure and density of the air at 300 t. and 
270 t. respectiv’^oly. 

To draw the corresponding diagram for water- vapour (Fig. 86) 
we shall suppose that in each case saturation pressure is just 
reached when the space is that which corresponds with 
dry air at one “ atmosphere,” 1,000 mb., at 300 t. We can find 
from the table of saturation pressures (p. 218) what the saturation 



pressure at the two temperatures will be. They are 4*9 millibars 
at 270 t., and 35-2 millibars at 300 1. 

Take OM to represent Ijv where v is the space which shoiild 
be saturated — ^it will be the same value as in Fig. 85 — and 
erect the ordinates MA and MB to represent the saturation 
pressures 4'9 mb., and 35*2 mb. In the diagram as drawn the scale 
of these ordinates has been magnified ten-fold as compared 
with Fig. 85. The straight lines OA and OB joining 0 
with the points A and B represent the relation of changes in 
pressure, and l/v as the volume is changed. Thus, as the 
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vapour is compressed and Ijv is increased the vaijour behaves 
exactly like a gas until the saturation point A in the one case, 
or B in the other, is reached, thereafter no further increase of 
pressure is possible; condensation begins and further com- 
pression results in a straight line parallel to OM, at a distance 
representing the saturation pressure. The lines drawn refer 
to different amounts of vapour. The amount can be deter- 
mined from the temperature and volume at which saturation 
takes place. 

Having obtained two diagrams, one for dry ait (Fig. 85), and 
the other for water- vapour (Fig. 86), the diagram for the moist 
air obtained by mixing the two is found simply by adding the 
corresponding ordinates of the two as represented in the diagram 
of Fig. 87. 

Thus OB'b' is got by adding the ordinates of OB of Fig. 85 
and of OBb of Fig. 86, and so for OA'a'. It must be 
remembered that the scale of the second diagram is exaggerated 
so that no scale can be given for the result, but clearly we get 
in each case a bent line OA'a' or OB'b' to represent the 
change at 270 t. and 300 t. Each line is suddenly bent at the 
point where saturation is reached, and thereafter the changes 
due to compression are the same as the changes in dry air, 
with an added pressure, the saturation pressure for that 
temperature. 

In the atmosphere changes of volume may be associated 
with changes of pressure or temperature, so that the complica- 
tion is considerable, but we have always to remember that 
there is an essential difference between saturated and un- 
saturated air. So long as we are dealing with unsaturated air 
we are on the parts of the hues represented by OA' and OB', 
and the moist air behaves hke a true gas; as soon as the 
saturation point A' or B' is reached we pass to the parts of the 
curve represented by A'a' or B'b', where condensation accom- 
panies compression and evaporation accompanies expansion. 

Herewith enters another complication. There can be no 
evaporation unless there is liquid water to be evaporated. 

r.w. Q 
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Liquid water can only be present as cloud-drops or rain- 
drops, and these fall out of range if they are allowed to 
settle. Hence the condensation represented by moving from 
B' to b' may have no compensating evaporation if the 
volume be increased again, because the condensed water may 
have fallen as rain. In that case the return journey will 
be performed as thojgh the air were unsaturated, that is, the 
return line will be directed towards 0 and not along a' A'. 

We have still to consider what happens if moist air is 
compressed or expanded without any precautions for keeping 
its temperature constant as supposed in the diagram. 

So far as sudden or adiabatic compression is concerned 
there is no appreciable difference between saturated air and 
dry air, a rise of temperature of 1° 0. for every 100 metres of 
descent is produced, but expansion is a different matter. This 
produces cooling, and cooling is attended with condensation. 
The condensation sets free the latent heat of the condensing 
vapour, and hence the reduction of temperature is less than if 
the air is dry when it is expanded. 

We get in this case the adiabatic cooling of saturated air which 
depends upon the amount of vapour condensed. Instead of the 
full cooling of 1® 0. for 100 metres of height we get about 0-56® C. 
for 100 metres. To a certain extent it depends upon the 
temperature. 

The following table gives the temperature in saturated air at 
successively lower pressures computed on the assumption that 
the rising air carries the condensed w^ater with it, though no 
allow’ance is made for the variation which is caused when the 
freezing point is passed and the drops of rain freeze and become 
hailstones. The corresponding fall of temperature for change of 
height can be determined 'when the change of pressure with height 
is known. For approximate calculations an average fall of 
pressure of 400 mb. for 4,000 metres from the surface is a useful 
figure to bear in mind. 

The values which are in one horizontal row in the table give the 
temperatures which correspond with successive steps of pressure 
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Saturated Air and its Potential Tlaiperaturus. 

Temperatures at specified pressures along lines which correspond with 
adisbaticB of saturated air, starting from specified temperatures at «>ea'level 
(pressuio 1013*2 mb.), and retaining the condensed water. The last column 
shows the potential temperature which the air attains during the expansion. 
This should be compared with the initial temperature of the first column. 
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2.i8*l 

250-9 

242*4 

232 3 

220*5 

206*8 


— 

— 

271 

263 

262*2 


248*6 

239*9 

229*8 

218*1 

204*4 


— 

— 

268 

261 



246*3 

237*5 

227*4 

215*9 

202*2 


— 

— 

265 

259 

258-2 

251*6 

244*0 

2,35*3 

225*3 

213*0 

200*3 


— 

— 

262 

267 

256*2 

249 6 

242*0 

a <1 

223*3 

211.6 

198*4 


— 

— 

260 

255 

254*2 

247*4 

239*7 


221*0 

209-6 

196*4 




— 

267 

253 

252*1 

245*3 

237*6 

rl 

1 218*9 

207*6 

194*6 


— 

— 

255 

251 

250*1 

243*2 

235-4 

220-0 

216*9 

1 

205*5 

192*6 

— 

— 


252 


Note. — In calculating the temperatures at the specified pressures no allow- 
ance has been made for the heat released by the freezing of the condensed 
water. Its effect is to make a higher temperature correspond with the specified 
pressures, or a lower pressure correspond with the specified temperatures, at 
or below the fteezing point. The diminution of pressure on this account is 
23 mb. for the starting temperature of 303 t. The final potential tempera- 
tures of the last column ore computed from values of the “ total entropy ” 
given in the “ Dictionary of Applied Physics '* under “ Thermodynamics of 
the Atmosphere.” 

q2 
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of 100 mb. along adiabatic lines for saturated air.^ As the 
temperature falls and condensation takes place, the heat pre- 
viously latent and now liberated is taken up by the mixture of 
air and water-drops and prevents the teni])erature falling as 
much as it would do if there were no condensation. Compared 
with the amount of air, the amount of water is small, as we have 
already seen. Hence it is the air which profits in the redistribu- 
tion of the heat. If we consider the amount of water small 
enough for the heat which it takes to be neglected, we may regard 
all the heat as contributed to the dry air, and thus by the change 
of its composition the air obtains heat in spite of the fact that the 
process is technically adiabatic. When the drops of water fall 
away, the potent! il temperature of the air is left raised by the 
appropriation of the lieat. 

For many purposes the best way of cx])ressing the existence of 
potential temperature is to give the ‘^realised entropy ’’ ^ w’hich 
is related to the potcnti*il temperature 6 by the formula : 

(f) = log 0 + constant. 

But as we do not propose to deal here with the question of entropy, 
we may be content to use the potential tem])eraturc itself as the 
index for separating successive adiabatic lines. The successive 
horizontal ro^vs in the table correspond therefore with steps of 
potential temperature from one saturation adiabatic to another 
at sea-level. The argument of each row is the potential tempera- 
ture at the start or sea-level when the pressure is 1013*2 mb. 
During the course of the expansion more and more entropy 
will be realised. At the other end of the table is the potential 
temperature which would be reached wlien the water has 
fallen out. It corresponds with the ultimate fate of the air in 
the successive rows as it becomes more and more rarefied under 
continuous reduction of pressure. In the calculation of this table 
no account has been taken of the freezing of the water-drops. 

^ The valued vere coini)uted })y Mr A. W Lre, M.Sc , of the Imperial 
College of Science and Technology Infoimation as to the calculation w 
given in the article on “Thermodynamics of the Atmosphere,’’ “ Dictionary of 
Applied rhybiCB," vol. 3. 
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The table \f> introduced for the piirpos^e of informing the reader 
as to the changes of temperature which are to be expected in 
saturated air as it ri&e-> from sea -level \\itlioiit any gain or loss of 
heat to the levels of the lowest pressures within the range of 
meteorology. The changes which are indicated in it for steps of 
100 mb. should be contrasted \>ith the corre'^ponding change in 
dry air obtained from the formula of p. *212 : 

=r- ^ 

'T - - p 

FORMATION OF CLOUD, RAIN, HAIL AND SNOW 

The details A\hich we have given respecting the general 
characlei* of the changes in the temperature and humidity of 
the atmosphere enable us to approach the question of the 
formation of cloud, rain, and other forms of precipitation 
with a general knowledge of the conditions that must obtain 
during the process. These phenomena all depend upon the 
condensation of water vapour to ^vater drops or ice 
particles in the free atmosphere, and the conditions of 
condensation are an important consideration. Condensation on 
solid objects gives us de^^ or hoar-frost ; in the free air it gives 
us cloud, rain, hail or snow. 

NUCLEI FOR CONDENSATION 

The first point that should be noticed is that to form a 
watei* drop in the free atmosphere in what may be called 
natural or ordinary conditions there must be already existing 
a nucleus upon which the drop can form. If there is no 
nucleus there will be no dro^j although the saturation point 
has been passed. The nuclei upon which drops can form if 
tlie saturation point be passed by ever so little are dust 
particles of all kinds, soot, sand, pollen grains and other 
vegetable products, and also some of the gaseous products of 
the combustion of coal or wood which have a special chemical 
attraction for water. An enclosed part of the atmosphere 
can he cleared of the solid nuclei on an experimental scale 
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by allowinj? th(Mn to settle, and the gaseous nuclei can be 
removed by cau'-ing the formation of drops by rarefaction and 
letting the drops carry down their nuclei. Thus on the 
experimental scale we can get air free from nuclei and there- 
fore incapable of giving a cloud although it is cooled, dynami- 
cally or otherwise, below the saturation j^oint.^ 

ilr. C. T. R. Wilson has shown that air which is in this 
condition can be cooled dynamically until a state of ** four- 
fold saturation” is reached without condensation. If cooling 
is pressed beyond that point condensation begins upon “nega- 
tive ions,” that is, upon dissociated atoms of gas which carry 
elementary charges of negative electricity and are produced 
by the dissociation of water-vapour or some other compound. 
Still higher rarefaction is necessary to produce deposits of 
moisture on positive ions, that is, upon the dissociated 
elements of water, or other chemical compound, carrying 
positive electrification. 

It is evident that the condensation upon ions can only be 
supposed to take place when the dynamical cooling of the air 
passes a long w^ay beyond the ordinary saturation point and 
there are no nuclei present. We have already said that a 
limited quantity of air can be freed from nuclei in the 
laboratory by appropriate treatment, and there can be no 
doubt that the precipitation of rain, hail, or snow brings 
down the nuclei upon which the drops are originally formed ; 
but we have not sufficient evidence to show that a mass of 
the atmosphere is ever so completely deprived of its ordinary 
nuclei that it has to be highly supersaturated before further 
condensation can take place. No sample of free air that has 
been the subject of investigation has shown any tendency to 
delayed condensation on account of want of dust nuclei. 

1 This part of the subject is specially assopifitod with the name of the late Mr. 
J. Aitken, K.R.S., of Falkirk, who applied the method of condensation to 
counting the dust-part iolcs in air. On the ground of recent investigations in 
Germany it is now sometimes concluded tliat the nuclei upon which moisture 
fonns are not oitlinary solid dust -part ides, but hygmscopic molecules of acids 
or salts. Filtration through cotton wool removes all nuclei ; the effect of 
** settling ” is not quite clear. 
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It is a ]X)int of much interest which may be coimneiided to 
aviators who are interested in scientific investigation to find 
out whether above the rain-clouds there are to be foimd 
samples of air completely free from dust. It would be con- 
venient in many ways to be able to introduce condensation 
upon negative ions as a natural physical process in the atmo- 
sphere in explanation of certain electrical or other ])lienomena, 
but we cannot safely say that the conditions for such conden- 
sation are ever attained, and for the present we shall suppose 
the passing of the saturation-point to be a sufficient condition 
for the formation of cloud in the free atmosphere. 

Ultra-violet light has been proved by Hr. Wilson to have the 
power of producing cloudy condensation in air which is above the 
temperature of the dew-point and which is therefore not saturated 
with water-vapour. If the ultra-violet light of ordinary sunlight 
were capable of causing condensation in air at the surface which 
is below the point of saturation the result would be a very different 
distribution of cloudiness from that to which we are accustomed. 
We refer to this again in Chapter XVL 


CONDITIONS FOR THE FORMATION OF CLOUD 

In order that air may pass the saturation point it must be 
sufficiently cooled. In the free atmosphere protected from 
contact with the ground no appreciable cooling can take place 
by means of conduction. Loss of heat by radiation can only 
take place effectively at night, when there is a possibility of 
radiation to the clear sky largely in excess of that received 
from the relatively warm earth. In the day time either the 
atmosphere is solarised, and then warming would take place, 
or there is an intervening layer of cloud, in which case the 
radiation process becomes more complicated, but is certainly 
reduced in effectiveness. Clouds form at all hours of the day 
and night, and hence we cannot lay much sti'esa upon 
radiation as a part of the ordinary process in the formation 
of cloud. 



232 


FORECASTING WEATHER 


CONDENSATION BY MIXING 

A mixture with a temperature below the saturation point 
may be obtained if two masses of moist air at different 
temperatures mix. The capacity of air for moisture increases 
numerically faster than its temperature, and hence it may 
result that two masses of air of different temperatures, neither 
of which is actually saturated, gives a mixture at mean 
temperature which is more than saturated. For example, if 
we have a cubic foot of saturated air at the pressure of an 
“ atmosphere ’’ and the temperature 285 t. the water-vapour 
within it will bear -015 of the pressure and in a cubic foot at 
275 t. the w’ater-vapoiir will bear -007 of the ])res.sure. If the 
two volumes uere mixed without any condensation taking 
])la(*e, the two cubic feet would share the temperature and the 
vapour-])ressure between them ; thus the mixture would have 
a temperature of 280 t. (45° F.) approximately, and the water- 
vapour would have to bear -Oil of the pressure. But the 
saturation pressure at 280 t. is only *010 of the pressure, 
so the mixture cannot exert so much as 'Oil. It would have 
to lose enough water to reduce the pressure by *001 of an “ atmo- 
s])here.’' I have supposed the two specimens actually saturated ; 
it is clear that either or both might be just short of saturation 
and yet carry more than enough Avater to saturate the mixture. 
But the amount of water produced in this way is very small. 
A difference of J 8° F. (10 1.) is a very large one to expect between 
two adjacent ina^bscs of air in nature, and, even so, two columns 
1,000 feet thick would, by mixing, produce Ic^js than yi^th of a 
foot depth of water, that is, less than *015 inch of rain. 

The effect of mixing different masses of air has been expressed 
and explained very clearly by G. I. Taylor in a paper on The 
Formation of Fog and Mist.” ^ He gives a diagram corresponding 
with that of Fig. 84 providing for it a scale of ordinates on the 
left-hand side which gives the proportion of water in the air for 
1 “ Q. J. Roy. Met. Soc.,” vol. 43, p. 241, 1917, 
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tlir corrosponding values of ^'a])our-p^cssure. He bhows that 
if two masses of air whose conditions are ivpiv^senlcd bv B and C 
are mixed together, the temperature of the mixture and i]uautity 
of water-vapour will be represented by some point E on the lino 
BO nearer to B or nearer to C according to tlie (quantity of the 
two samples. If E lies on the side of the curve pf saturation- 
pressuie tliat belongs to higher temperature, no condensation will 
result from the mixture ; but if E lies on the side of lo^^ er tempera- 
ture, condensation will take place because the vapour-pressure 
camiot exceed the saturation-limit. It BP be drawn along the 
line of constant temperature to the point P on the saturation 
curve, the reduction of vapour-pressure due to the condensation 
on mixing is indicated by the length of EP, and this can be inter- 
preted as a quantity of water by the scale of proportion at the side. 

DYNAMICAL COOLING OF SATURATED AIR 

The other process for the condensation of water vapour in 
the free air is dynamical cooling, that is, the cooling by 
the reduction of pressure which follows automatically from 
lifting air to a greater height. The reduction of temperature 
on this account is at the rate of 1° P. for 300 feet C. for 
100 metres). With air originally at 51® P. (285 t.) a reduction 
of temperature of -2® F. (-11 t.) is necessary to eliminate water to 
the extent of *001 atmosphere.” ITonce the lifting of one 
1,000 feet column thiough 60 feet would produce the same 
amount of precipitation as the mixing of two 1,000 feet columns 
at 54® P. (285 t.) and 36® P. (275 t.). 

If we wish to assign to their respective causes the formation 
of cloud and rain in any particular case, we have to consider 
either the direct evidence for elevation, which will produce 
condensation, or for mixing, or, in the absence of any direct 
evidence, the possibility of the existence of conditions favour- 
able for elevation or for mixing. In the case of clouds of the 
cumulus type, which are closely allied in shape and character 
with the towering clouds which produce the heavy rain of 
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thundersborms, tlia evidence for ascent is sufficient, and such 
clouds are imiversall}' regarded as due to dynamical cooling. 
On the other hand, surface fog, which forms on the ground 
in low-lying areas, cannot be due to dynamical cooling because 
the possibility of elevation is ruled out. Hence we may 
conclude that surface fog, however thick it may ultimately 
become, must be ascribed to the gradual mixing of air of 
unequal temperatures, the uarmer air being already saturated. 
It is possible in this way, by assuming the gradual gravitation 
of cold air into the valleys where the surface air is already 
saturated by standing over comparatively warm water, to 
account for the frequent formation of land fog in autumn 
and similarly to explain the formation of fog at sea either 
by the drift of cold air over warm water or more frequently by 
the gradual cooling of air as it passes over cold water and 
the mixing which then takes place in the layers close to the 
surface. 

About the formation of cloud in other cases it is difficult to 
give any conclusive evidence. It is scarcely possible to 
imagine circumstances in which we could postulate the mixing 
of a sufficient quantity of air at different temperatures to 
produce any considerable amount of rainfall, hut it is by no 
means difficult to imagine circumstances in which elevation 
of air must go on as a continuous process, so that opinion is 
gradually crystallising in the sense that rainfall in any 
considerable quantity is due exclusively to dynamical cooling. 

As to the formation of cloud, no such definite conclusion is 
reached. On the one hand we have to take account of the 
fact that on some days there are persistent clouds which roll 
along all day without any rain falling, and it is difficult to 
imagine a state of things in which elevation goes on for a 
whole day just enough to form cloud and nothing more. 
Such a fine adjustment would be impracticable in any laboratory 
experiment, and therefore one naturally inclines to mixing as 
an explanation of the phenomenon; but, on the other hand, 
mixing requires the juxtaposition of tw^o currents of different 
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fcemperatiws maintained foi- long hours together. Observa- 
tions in the upper air go to show that the transition from one 
current to another in a different direction is either a a 017 
gradual alteration of direction without much change of velocity, 
or a gradual falling off to a calm stratum with a recovery 
higher up of motion in a different direction. 

AVe arc therefore left in this position, that cumulus clouds, 
rain clouds and rain must be regarded as due to dynamical 
cooling, that surface fog is certainly due to mixing, and as 
regards the other forms of cloud, cirrus, cirro-stratus, cirro- 
cumulus, alto-stratus, and strato-cumulus, the question is left 
open for further information and inquiry. 

CLOUDS FORMED BY TURBULENCE 

The opening for further inquiry which was suggested in the 
last paragraph was utilised as early as 1913 by (i. 1. Taylor in 
the voyage of the Scotia, which was sent out by the Board of 
Trade in the spring of that year to obtain information respecting 
ice in the Atlantic Ocean. Public attention had been drawn 
to the dangers of ignornnee concerning ice by the loss of the 
8.S. Titanic, a huge AVhite Star liner that was lost on April 15, 
3912, by crashing into an iceberg. The report of Mr. Taylor’s 
work formed part of the official report of the voyage of the 
Scotia.'^ It contains the results of a uumher of observations of 
temperature and humidity in and above fogs on the banks of 
Newfoundland and shows that the normal condition for a fog 
at the surface is water a little colder than the air above it. The 
temperature increases continuously upwards through the fog and 
above it until a maximum is reached at the level of 1,000 metres, 
and then the lapse of temperature with height sets in, which is 
generally characteristic of the atmosphere aU over the world. 
The exceptions are the so-called isothermal regions or inversions 
of the stratosphere which are to be found always above a certain 
level depending upon latitude and weather, somewhere between 


^ Bpport on tlie work earned out by S.S. Scotia, 1913. 1014. 
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6,000 metres and 18,000 metres, the regions of relatively cold sea- 
surface and tile cold ground of Arctic or Antarctic countries in 
winter, and occasional inver,sions at various levels in the atmo- 
sphere as the result of thermal and dynamical changes. Taylor 
has further investigated this subject from the theoretical point of 
view and has calculated the reduction of temperature of the air 
above the sea, in consequence of the mixing of the surface layers 
with the upper layers by eddy-motion which produces a form of 
diffusion on a large scale and carries the cold air upwards accord- 
ing to the same law as that by w^hich diffusion cames the mole- 
cules of a heavy liquid into a lighter layer above it. The formal 
re]U’esentation of both eddy- diffusion and the more familiar 
molecular diffusion is the same, but the coefficient in the one 
case is so much larger than in the ofcluir that in the course of 
hours under ordinary conditions the mixing will have reached 
100 metres or more ; far more rapidly, that is to say, than 
anything which could be accomplished by molecular diffusion. 
Eddy-motion thus interpreted has another application of 
considerable importance in the formation of cloud. Its operation 
in lifting upwards the surface-air is not confined to the cases when 
the surface air is cold and the process of mixing w'hich follows 
upon the motion produces fog. The mere lifting of tlie air in the 
eddies causes a reduction of the temperature. By loading the 
air with smoke as by a chimney it may be noticed that the air, 
which at one moment is in the neigh bf)urhood of a point, as, for 
example, the orifice of the chimney, is sub.sequently dispersed 
over an area which is represented approximately in vertical 
section by a parabola with horizontal axis having its vertex close 
to the point at which the smoke was delivered. Ho we must 
regard air in the turbulent motion due to the friction of the ground 
as climbing upwards, first rapidly, then with gradually di mini shing 
velocity, but still rising. And the elevation will cause a corre- 
sponding fall of temperature, and when that passes beyond a 
certain limit clouds will be formed, not at the surface, but at an 
elevation which depends upon the original temperature and 
humidity of the air. 
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Hence clouds may he formed by the merely mechanical effects 
of friction causing eddy-motion and conseij[uour elevation of the 
moist air of the surface to heights that are sutiicient to cause 
condensation. The investigations which are thus briefly indi- 
cated give new ideas as to the formation of cloud layers. A cloud 
layer may be the boundary where the elevation of the surface air 
by the eddying process is sufficient to cause condensation. We 
may thus find the explanation of the formation of many of our 
commonest and most wides]iread forms of cloud ; the stvatxis, 
with its horizontal lower surface, the straro-cuiimlus, our ordinary 
cloudy sky, and possibly in some way which is not yet entirely 
clear, the other layers of cloud, alto-stratus, cirro-stratus, alto- 
cumulus and cirro-cumulus. 

The formation of cloud in this way is dilleront from the forma- 
tion of a single cumulus cloud which may be ascribed directly to 
the ascent of air through an environment than which it finds itself 
to be lighter. But not infrequently the two causes seem to act 
in co-operation. The eddy-motion acts dynamically. It is not 
dependent upon thermal conditions, though it may be enhanced 
or reduced by them, and its clTect may be to carry the lower air 
upwards to regions where it finds itself lighter than its environ- 
ment and thus in condition to form cumulus cloud. In this way 
we may perha])s explain the dotting of the whole sky with 
detached cumulus clouds such as may occasionally be seen with 
a northerly or north-easterly wind in our own southern districts 
and can always be found in the trade-winds where they have 
acquired the special name of trade- wind-cumulus. 

HAIL 

When we pass from the consideration of the formation of 
rain to that of the other forms of precipitation we find a 
number of interesting questions. The size of raindrops is 
limited because, if they travel through the air at a rate whicli 
exceeds a limiting speed, they break up; the larger the drop, 
the smaller is the limiting speed. A drop of rain may there- 
fore have a lengthy experience in the atmosphere. Commenc- 
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ing in consequence of a rising current, it may ultimately get 
beyond the limits of the current which produced it. Then it 
falls, and its velocity will be accelerated up to a certain limit 
depending upon its size, according to a laAv enunciated by 
Stokes. Lenard has shown that if it travels fast enough it 
breaks up into smaller drops.^ The upward motion may be 
strong enough to carry up the fragments of the broken drop 
though it could not stop the original mass. Thus we may 
picture to ourselves a drop that falls downward until it breaks 
into pieces and the pieces are carried up again ; they may 
increase in size again owing to further condensation by 
dynamical cooling and, being thrown out of the rising column 
fall again and may possibly be broken up again. If at any 
stage of this process the temperature is low enough to freeze 
the drop we get the nucleus of a hailstone. Thereafter any 
breaking up into pieces in consequence of the rate of fall 
must be confined to the water condensed upon the outer 
surface, the interior core of ice must be left, and thus through- 
out its successive journeys the hailstone preserves in the details 
of its structure a record of its history. Finally, when it leaves 
the rising current it may have attained considerable dimensions, 
and it then falls to the earth a veritable missile. 

The theory of the breaking up of raindrops after they reach a 
limiting velocity of travel through the air is confirmed by the 
fact that raindrops never exceed a moderate magnitude that 
is not capable of doing mechanical damage, whereas hailstones 
sometimes reach very substantial and destructive magnitude. 
In the mode of formation there can be no difference, but in the 
occurrence of hailstones by the freezing of raindrops there is 
very strong evidence of the considerable magnitude of the 
rising currents in which they are produced. The difference of 
structure in different layers shows that they have passed 
through an eventful history, during which they must have 
been supported by rising currents. Hence the occurrence of 
hail may be taken as evidence of violent commotions in the 

* See •* Quarteily Journal, Koy. 31et. boo./’ Vol. 31, p. 62, 1906. 
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atmosphere with strong upward currents which, so far as we 
know, must have been preceded by some instability of the 
atmospheric layers. 


SNOW 

In this country snow is the forecaster’s greatest difficulty. 
The difference between a heavy snowfall and a heavy rainfall 
in its effects upon human life and business is incalculable. 
There are two elements against which man is ultimately 
powerless, viz., snow and drifting sand. If either of them is 
continued sufficiently long, human effort is unavailing. Con- 
sequently, there is no occurrence which it is more important 
to forecast with accuracy than a heavy snowfall. Yet we 
cannot at present distinguish adequately between the conditions 
for rain and the conditions for snow. Nor do we know the 
conditions for the condensation of the atmospheric vapour in 
the form of snow. In polar regions the atmospheric precipita- 
tion is ill the form of fine ice crystals ; what is the secret of 
the formation of large snowflakes we do not know. So far as 
I am aware nobody has yet succeeded in demonstrating the 
formation of snow in the laboratory. Hoar frost on refrigerating 
pipes is common enough, but condensation to ice in the air 
itself is beyond my experience. Water drops can be easily 
“supercooled,** that is, cooled below the freezing point without 
becoming ice and I have never yet seen an ice cloud formed 
artificially.^ However cold it maybe, the artificial cloud shows 
the iridescence of the corona, not the detached circle of ihe 
halo. Yet the occurrence of the halo in nature is clear proof 
of the existence of refracting crystals of ice, for spherical 
globules of water produce no halo. Whether the large snow- 
flake is formed by the aggregation of smaller crystals or the 
extension of a crystalline nucleus by condensation we do not 
know. Nor do we know whether snow is often formed and 

^ After this senloucc* was wnltoii iny frioiul and predecessor, ^Jr. 11. H. 8cott, 
reminded mo of an oeeurrcnce at an international meeting in Petrogiad, when 
the opening of a window allowed the ingress of very cold air into the warm 
moist atmosphere of a crowded room. The result was a visible shower of snow 
in the room. 
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meUs before reaching the ground, whether the mixture of rain 
and snow which we call “ sleet was originally all snow and is 
partly melted, or was all rain and is partly frozen. All that 
we do at present is to anticipate snow or rain if the conditions 
are rainy and the surface temperature is near the freezing 
point, but the value to the public of an accurate forecast of 
snow is so great and so obvious that the subject deserves 
much greater attention than it has hitherto received. 

CONDITIONS FOR THE ASCENT OF AIR, CONVERGENCE, 
JUXTAPOSITION AND ATMOSPHERIC INSTABILITY 

We have seen that rain or any other form of precipitation 
is generally to be attributed to the effect of a dynamical 
cooling of air in an ascending current, and we shall con- 
clude this chapter by considering the conditions to which the 
ascending current may be due. 

The most obvious suggestion of the cause of an ascending 
current is the heating of the surface layer by the action of the soil 
w^armed by the sun's rays, or bv the effect of vann sea- water 
upon a cold layer of air above it. These causes no doubt pro- 
duce ascents of air, but it is not easy to say how iai the effect 
extends or how tar it is operative in meteorological changes. 
Heated air will not rise unless there is a denser air either 
beside it or above it ready to 2 >u&h it iij), and when we are 
dealing with, a large area of land it is not easy to find the 
necessary cold air to take its iilace. The surface heating, 
indeed, does not necessarily mean an ascending column; it 
often expresses itself as ascending threads of warm air which 
produce the shimmering commonly seen over sand heated by 
the sun, and the only effect is the warming of the surface layers 
up to a certain height and their cooling again on the subsequent 
night, the whole being, so to speak, self-contained. There are 
occasions when rain and even thunderstorms may be ascribed 
to the effect of warm sea or warmed land upon the air above 
it, but the examples are comparatively rare. In ordinary 
circumstances the air seems to have greater stability, and the 
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effect of the surface heating does not reach any great 
heiglit. 

CONVERGENCE OF STREAM LINES 

A more effective cause of an ascending current is that 
associated with convergence of the air currents from different 
sides towaids a centre, or the convergence of lines of flow in 
what may be called the same current. It may be difiicult to 
say whether this convergence of the air is to be regarded as 
the cause or the result of the ascending current, but at present 
the distinction need not concern us. We may be content to 
know that the convergence cannot occur unless there is an 
uj^ward current to take off the air. 

A special form of convergence is the crossing of two currents 
which are inclined to one another at a finite angle, as, for 
example, when a southerly wind advances towards the flank of 
an easterly current or is itself invaded by a westerly wind. 

CURRENTS OF DIFFERENT TEMPERATURES IN 
JUXTAPOSITION. 

Examples are frequently to be seen on maps in which a 
broad air current is supplied by air from two different sources, 
BO that the two separate streams run side by side. These are 
sometimes of very different temperatures, and in consequence 
we get two currents of different temperatures in juxtaposition. 
In that case the cold current may spread out under the warm 
current and push up the warm current, and thus produce eleva- 
tion and consequent condensation. This process seems to 
be a regular phenomenon in connection with line squalls 
which are dealt with in Chapter XI. 

INSTABILITY IN THE ATMOSPHERE 

By instability in the atmosphere I mean a condition of 
affairs where a lighter layer is found with a heavier layer 
above it, so that the lighter layer breaks through the layer 
above' and thereby causes an upward current that is violent 
until stable equilibrium is reached. 


F.W. 


R 
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Instability in the atmosphere must be of frequent 
occurrence. It affords the only explanatioji which we can 
offer of sudden heavy showers, thunderstorm rains, hailstorms, 
and similar phenomena. It is difficult to see how instability 
can arise in such a way as to cause such violent effects. It any 
portion of the surface air becomes warmed relatively to the 
surroundings it can rise immediately ; there is no reason to 
suppose that it will wait until a reservoir of instability has 
been formed that will develop almost explosive violence. 
Instability will, however, arise if two superposed layers of 
atmosphere have different degrees of humidity and are elevated 
or depressed in a regular manner. For example, if a layer of 
dry air is formed above a layer of cloud, as is not infrequently 
the case, and the double layer is elevated, the upper layer will 
cool with the dry adiabatic gradient and the lower layer with 
only the saturated adiabatic gradient ; hence the upper layer 
^^ill cool nearly t^^ice as fast as the lower, and a sufficient 
elevation ^^ill produce instability. 

On the other hand, suppose a layer of cloud over a layer of 
air free from cloud, and suppose the double layer to be 
depressed. Tlie temperature of the lower ’ layer will rise 
nearly t^\ice as fast as that of the cloudy layer, and a sufficient 
depression will certainly produce instability if there is water 
enough in the cloud to supply the demand for evaporation due 
to dynamical warming. 

The tendency to stratification in the atmosphere is quite a 
noticeable leature : clouds often seem to form at tlie same 
level over great areas. When the stratification becomes com- 
plex and there are successive layers of different composition 
and in different physical states, there must always be a possi- 
bility of instability by the upheaval or depression of superposed 
layers. Instability might also be iDroduced by the gradual 
warming of the lowest stratum of air through prolonged 

1 1 have shown else where that stratification is the normal consequence of the 
distribution of realised entropy or of potential temperature in the atmosphere 
in such a way that the value increases with height. In a perfectly labile 
atmosplicrc the potential temperature should be the same everywhere. 
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solarisiition accompanied by evaporation of water, under a 
current unaffected by the surface heating. The increase in 
humiclity may result in the pushing upward of air into the 
upper layer, accompanied by the formation of cloud and 
consequent instability. 

It seems possible also that instability might arise in circum- 
stances which are familiar in the example of an upper current 

1908. November 7, 6 p.m. 


Pig, 89. — Ohai’t illustrating thy Diver- 
gence of Air in an Anticyclouie 
Belt. 

from the north-west crossing a lower current from the south-west. 

If the conditions are persistent, the temperature of the upper 
current coining from the northward may become lower or at least 
remain constant while the temperature of the lower current 
supplied from equatorial regions may rise until it is no longer in 
equilibrium under the upper current. The circumstances are 
sketched in a paper on the inter[)retation of the results of observa- 
tions with pilot balloons in the Quarterly Journal of the Royal 
Meteorological Society,” VoL 40, 1914, p. 111. 

In illustration of the general application of the principles 
set out in this chapter to the conditions of weather as repre- 

B 2 



1909. June 1, 7 a.Tn, 
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sentcd on synchionous chartB, I wish to call attention to the 
charts for 6 p.m. of November 7, 1908 (Fig. 89), and 7 a.m. 
of June 1, 1909 (Fig. 88), uliich have been bi'ought to my 
notice in connection with Mr. C. J. P. Cave's investigation of 
the upper air by means ol pilot balloons. The regions to 
whjch T wish specially to lefer are those represented on the 


Section' fof 
June 1909 


Anti- 

cyclone 



29' 9^ Cyclonic belt 29' 9 Anti- 

eyefone 


Fig. 90. — Probable Courbes of the Flow of Air in a Soutiou across the 
Belt of Low Pres*3ure of Fig. S8. 


two several maps as lying between the two more or less 
parallel courses of the isobar of 29*9 inches. In the June 
map the isobar is shown as a continuous one by a turn over 
Spain ; in the November map the two isobars are, so far as 
one can tell from the map, separate, but the difference is unim- 



Fig. 91. — Probable Courses of the Flow of Air in a Section across the 
Belt of High Pressure of Fig. 89, 


portant. In the June map the long fronts of two anticyclones 
face each other with a strip of low pressure between them ; in 
the November map the long fronts of two cyclonic areas face 
one another with a strip of high pressure between them. On 
the former occasion, June 1, winds are shown approaching the 
cyclonic strip from the north-west on the one side and generally 
from the east on the other ; on the latter, November 7, winds 
are very clearly shown receding from the an ticy clonic strip to 
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tlie ^est on the one side and to the east on the other. A line 
of calms marks the separation between the two surface currents. 
We cannot avoid the conclusion that on June 1, the approach- 
ing currents of air ascend in the cyclonic region, and on 
November 7 the line of calms is the locus of descending 
air which feeds both the easterly and the westerly winds. 
These conclusions are confirmed in various ways. As regards 
June 1, Mr. Cave found a south-easterly current over the surface 
north-westerly air, and at the same time rain was falling at 
the stations indicated by black dots on the map, thus 
affording undeniable evidence of the existence of an ascending 
current. On November 7 at two to four kilometres a westerly 
wind was found above the easterly drift of the surface, and the 
fine weather of the anticyclonic strip is clearly evidence of 
the reverse of the rain of June 1 ; it implies descending air. 
We may therefore represent the vertical section of the atmo- 
sphere between the 29’9 lines in these two exceptionally simple 
cases by the two figures 90 and 91 where the arrows show the 
courses of the current with reference to the line of the 29*9 in, 
isobars. 

THE THERMAL RELATIONS OF FLOATING CLOUDS.^ 

As an example of the application of thermodynamical 
principles to the explanation of meteorological phenomena I 
reproduce here an endeavour to explain the French proverb, 
“ La lune mange les nuages.” 

It is always difficult to be sure that different persona are in 
agreement in identifying meteorological phenomena, and I 
will therefore state in a few words the conditions to which, 
according to my notions, the French proverb refers. 

A single layer of drifting flceecy clouds — strato-cumulus — 
is rendered visible by the illumination of the Moon not very 
long after sunset. The illumination not only shows the clouds, 
but shows that they are diminishing, and finally the Moon is 

1 Rcpiintcd from the “ Quarterly Journal of the Royal Meteorological Society, 
Vol. 2S. No. 122 April. 1002. 
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leffc in possession of an unusually clear sky. If this is not 
a correct description of the phenomena to hich the proverb 
refers, it describes a state of things for which I desire to 
suggest a physical explanation which is not without interest. 

I will put the matter in another way: — A floating cloud, a 
finite mass of air carrying water particles, is losing heat by 
radiating into space through the clear air above it more heat 
than it receives from the earth beneath ; the water globules 
will, ill consequence of this loss of heat, evaporate, and the 
cloud will vanish. The converse of this proposition may be 
stated in slightly different form, thus : A floating cloud i-a 
receiving heat from the sun above and the earth beneath, and 
in consequence of this gain of heat condensation will take 
place, and the cloud become thicker. 

These statements are paradoxical, and to exaggerate the 
apparent paradox it is only necessary to point out that, as the 
cloud consists of saturated air, evaporation means a rise of 
temperature, condensation a fall of temperature ; for evapora- 
tion implies more vapour in the gaseous form, which is only 
possible at a higher temperature, and vice versa. So w’e may 
reduce the proposition from che meteorological form to a more 
conventionally physical one, and say that the abstraction of 
heat from a floating mixture of air and water will cause 
elevation of its temperature, or briefly, will w^arni the mixture, 
whereas the addition of heat will cool it. 

The explanation of the apparent paradox is a simple one, 
as may be seen from the following consideration : — 

Suppose a mass of moist air at the surface ot the earth to 
be warmed : it rises, and in consequence exi^ands adiabatioally 
and cools. Suppose that it rises just sufflciently high to form 
a cloud : then if it had been less warmed it would not have 
risen high enough for condensation to take place. If it had 
been more warmed it would have risen higher, and a cloud 
might have been formed even denser than in the first case. 
Supplying less heat before the condensation took place is, of 
course, equivalent to removing some after the first condensa- 
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tion occurred ; one side of the proposition folJows, therefore, 
at once, if we can assume that the cloud was formed by tlic 
adiabatic cooling of rising air. It is, of course, the changes ol! 
pressure incidental to differences of level (due to change of 
density) which produce the paradoxical thermal effects. ]3ut 
although this mode of treating the problem shows well enough 
that a cloud which is losing heat by radiation into space will 
grow warmer and disappear, it does not give any satisfactory 
proof that the cloud would grow thicker if the sun shone 
upon it. 

The course of events for a floating cloud can, however, be 
very clearly followed out by means of Hertz’s diagram of 
thermal lines for moist air, which is published in Vol. L of 
the “ Meteorologische Zeitschrift,” and is reproduced in 
Waldo’s “ Modern Ifeteorology.” The diagram represents the 
state of a mixture of air and water under varying con- 
ditions of pressure and temperature, the linos of reference 
being set out according to the logarithms of the pressure, 
and of the temperature from absolute zero. Since the 
pressure scale is logarithmic, equal intervals along it 
correspond approximately to equal steps of height in the 
atmosphere. The adiabatic lines for different stadia, and the 
lines of saturation for given j)ercentage com 2 ^ 08 ition, enable 
all the changes in thickness of a cloud under varying quantities 
of heat to be followed. The diagram is approximate only, but 
sufficiently nearly accurate to indicate satisfactorily the 
changes that take place in floating cloud. For this purpose 
we must add to the diagram a line indicating the relation of 
temperature and height, or in-essure, for the atmosphere in 
equilibrium, i.e., the line of temperature-lapse. This, of course, 
is a variable line, depending on the condition of the upper 
atmosphere for the time being ; but supposing, for example, 
the lapse-rate of temperature to be uniform, and equal to 
0-5° C. for every hundred metres (as given by Berson’s 
figures for heights up to 2,000 metres), we get a line across 
the diagram nearly straight, and droi)ping one degree in 
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teinperafnrf for every 200 metres of height, as shown at the 
base of the diagram. The direction of the line being fixed, 
its position on the diagram must be defined by drawing it in 
the proper direction through a selected point representing the 
condition of a floating cloud. We may take a water cloud 
just above the freezing point, say at 5° C., at 1,200 metres 
height. Through the point identified by these conditions we 



Fig. 92, — Diagiam of Thermnl Lines for Saturated Air. 


can draw the equilibrium line of temperature, and know that, 
whatever be the initial state of a mass of air, it will rise or 
sink, following the changes which Hertz's diagram represents, 
until the equilibrium line is reached. In Fig. 92 certain parts 
of Hertz’s diagram are reproduced, and the equilibrium line 
is added. The point A represents the state of the floating 
cloud at 6° C. at 1,200 metres, saturated with about 6*2 grammes 
of water-vapour per kilogramme of mixture, as indicated by 
its position with reference to the saturation lines which are 
dotted in the figure. QAQ' is the adiabatic line for saturated 
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air. SS' the saturation line for G gram in es of mni shire per 
kilograniine of mixture: the dotted lines parallel to this on 
either side represent the satui’ation lines for 7 grammes and 
5 grammes res]iectively. EAE' represents the equilibrium or 
temperature lapse line. This line is a little less steep than 
the adiabatic lines for saturated air, but decidedly more steep 
than the saturation lines. If we start fj'om tlie point A on 
the equilibrium line, representing the condition of the floating 
cloud, the addition of heat (sn 2 )posing the cloud always to rise 
until it recovers its equilibrium) means that the point will 
travel along the equilibrium line AE to the left; the temi^era- 
ture will fall, since the slope is downward ; and, since the 
equilibrium line is steeper than the saturation line, the point 
will pass into the part of the diagram where saturation requires 
less moisture — in other words, condensation will take place. 
Abstracting heat, on the other hand, means travelling along 
the equilibrium line in the oiDi^osite direction AE' ; the air passes 
into a region wliere moi'e water is required for saturation. 
Hence evaporation takes place. Since the slope of the 
equilibrium line is ii 2 :>ward, the tem 2 )eratiire rises. 

It is interesting to note that the result of warming a mass 
of floating air depends upon the lapse-rate of temperature of the 
air in which it floats. If the law of fall of temperature with 
height were the adiabatic law, a mass of air at the foot warmed 
ever so little above its surroundings would rise without limit. 
An inversion of temperature, on the other hand, would at once 
prevent any rise taking 2 dacp, or S 2 Jcedily arrest it. A lapse-rate 
of temperature exactly parallel to the saturation line would 
indicate the conditions under which a cloud miglit receive or lose 
heat and change its temperature without any evaporation or 
condensation taking place. 

It thus appears that, in considering the properties of floating 
masses of air, except in cases of an inversion of temperature,” 
or of a zero lapse of * temperature, meteorologists have to 
remember that the ordinary relations between the increase of heat 
and increase of temperature may be reversed. 
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It is, of course, possible to suggest other physical explana- 
tions for the disaj^pearance of clouds in accordance with the 
French proverb, and my excuse for suggesting one which may 
seem fanciful is, that it brings into prominence certain physical 
relations which are certainly real and are not generally noticed. 

I ought to add a word with regard to the conveying of heat 
to a cloud by radiation. I have spoken as though the distri- 
bution took place throughout the cloud, and not, as would 
possibly appear more likely, at the upper or lower surface 
only. Although the confining of the addition of heat to the 
outer ijortions only would not affect the physical principles 
involved, I may mention in defence of these views that the 
clouds in question are generally very thin and very translucent, 
80 that every part of the cloud is illuminated by the Moon's 
rays, and consequently is expo‘?ed to other sources of 
radiation. 

The extent to wdiich clouds can absorb or emit radiation 
has not yet been ascertained, but there is no question that 
they are more effective radiators and absorbers than clear air. 

It will be noticed that I have iDasaed over any suggestion 
that the lunar radiation itself adds heat to the cloud. Possibly 
it does, but the amount of heat so gained must in any case be 
small compared with that lost by radiation to the rest of a 
clear sky, so that any effect of direct radiation from the Moon 
may be quite properly disregarded. 

The ortect of difference of the lapse-rate of temperature upon 
the increase or diminution of density of floating clouds with 
accession of heat, is one that may have many other applications 
than the one here referred to. It would seem, for example, to 
furnish a criterion for determining whether the action of the sun 
upon mist lying on the ground would result in dispersion of the 
mist, or the lifting of the mass as a cloud either directly upwards, 
or possibly creeping along a hillside till the top is reached. 

The observations of lapse-rate of temperature by the ascent of 
kites afford facilities for testing by observation the effects 
which have here been theoretically indicated. 
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T have put together an arrangement of apparatus ’SN'hereby 
the conditions applicable in the case of a floating cloud can he 
experimentally realised. The essential condition of the 
arrangement is, that the communication • of heat to a limited 
mass of air shall result in a diminution of the pressure of the 
air, just as the communication of heat to a floating cloud 
results in the diminution of pressure as the cloud rises to a 
higher level. In the apparatus the necessary condition is 
secured by using a movable cistern of mercury to close the 
vessel containing the moist air. For this purpose the air is 



Fig. 93. — Ai^paratus lo illustrate the coolinu; of air by adding heat. 

conveniently contained in a globe, G (Fig. 93), surmounting 
a vertical tube open at the bottom. The globe with its 
vertical tube is fixed in a stand, and the open bottom of the 
tube dips into the mercury in the cistern, C. The stand carrying 
the globe rests upon one end of a board, B, about five feet long, 
which is balanced upon a knife-edge, E, the globe and stand are 
counterpoised by suitable weights, P (about 3 lbs.) at the other 
end of the board. The globe is thus supported by one arm of a 
rough balance, and, since all the weights on the balance are above 
the point of support, the balance, regarded apart from the efleot 
of the elasticity of the air in the globe, is unstable. The instability 
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iR the pRsential feature of tlic arrangement, and is largely exag- 
gerated by mounting masses of iron, L, on a rod attached to the 
middle of the balancing board, so that the head is about four feet 
above the board. The globe is provided with a narrow neck and 
stop-cock, to allow it to be filled with saturated and nucleus-laden 
air at pleasure ; but during an experiment the aperture is closed. 
The globe dips into mercury in a jar which stands close to the 
balance. Wires, W, are led through glass tubes to the interior of 
the globe and connected by means of a fine platinum ^vure, to 
allow heat to be supplied to the air at pleasure by passing an 
electric current through the fine wire. 

Wlien the globe has been filled with suitable air, and the 
aperture closed, any motion of the board diminishes or increases 
the pressure in the interior by the motion of the globe. The 
increase or diminution of pressure tends to resist the motion of 
the board, and by adjusting the positions of the counterpoise and 
the weight, the arrangement can be made to balance just ^vithin 
the limits of stability, when the elasticity of the enclosed air is 
taken into account. When this adjustment is made, it is clear 
that a slight motion of the board in the direction of increasing the 
volume of the enclosed air throws over the weight towards the 
side opposite to the globe, and brings to bear a largely increased 
moment of forces tending to continue the expansion ; so that the 
ultimate expansion resulting from any cause tending to lift the 
balance on the globe side produces a rarefaction depending on the 
degree of dynamical instability of the balance. Such a cause 
arises when the air in the globe is slightly warmed by passing 
a current through the wire. As the balanced globe is movable, 
the balance comes over, and then the dynamical instability causes 
expansion, determined not solely by the amount of heat which 
originated the motion, but by the loads on the balance and their 
position. 

The success of the experiment, for the demonstration of the 
production of a cloud — i.e., a diminution of temperature — on 
heating, depends upon the proper selection of the area of the 
dipping tube in comparison with the volume of the globe. A 
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^lobe of the shape indicated in the figure gave completely satis- 
factory results. The counterpoising weights are about three 
pounds on each side, and the dead weight with iron stand sup- 
porting it perhaps fifteen pounds. Under these conditions, with 
the globe filled with saturated air and properly counterj)oised, the 
commencement of heating at once determines an elevation of the 
board on the globe side, a rarefaction corresponding to about three- 
quarters of an inch of mercury and an abundant cloud. The 
experiment can be repeated with, the same air, after readjust- 
ing the balance, until tbe exhaustion of nuclei for the deposit of 
globules makes the arrangement insensitive. Its activity can 
always be restored by refilling it with suitable air. 

The degree of instability of the balance corresponds to the 
lapse of temperature with height in nature. I have not yet 
formed an estimate of the lapse-rate of temperature to which my 
arrangement of the apparatus would correspond. But the 
analogy between the two is formally correct, and with a slight 
modification of the apparatus the equivalent lapse-rate of tem- 
perature could be determined. The globe of air rises ^vith 
increase of heat, and the arrangement becomes simply an appara- 
tus for multiplying the effect of the rise, a rise of two inches with 
my apparatus being equivalent to a rise of about five hundred feet 
in nature. It thus becomes a com})aratively simple means of 
conducting in the laboratory operations which really take place 
on a large scale in nature. 

CLEARING OF THE SKY AT SUNSET 

During the war the gradual clearing towards sunset after a 
cloudy day, particularly with a westerly wind in autumn, was 
noticed by many persons in London because the sense of protection 
which a cloudy sky at that time carried with it vanished at the 
time when it might have been most acceptable. The impression 
of the phenomena is confirmed by statistics of cloud at Kew 
Observatory, Richmond, which were put together by Capt. D. 
Brunt and are published in Professional Note, No. 1 (M.O. 
publication 232a). 
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INTER-RELATION OE WIND DIRECTION AND CLOUD 
AHrOTTNT AT RTCHirOND. 

Odds AaAi:fST One fob a Clkab Sky fob a oive:? Wind Dibection. 
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Capt. Brunt refers to this chapter as an explanation of the 
phenomenon, thus associating the evaporation of the cloud with 
the loss of heat by radiation. The explanation may be the true 
one, but it is proper to remark that the phenomena of the formation 
of clouds by eddy-motion referred to already in this chapter 
(p. 235), may furnish equally well a satisfactory explanation. 
The intensity of the eddy-motion under a steady wind diminishes 
in the evening in consequence of the gradual cooling of the surface 
by radiation to the sky. That result is familiar to us in the 
diurnal variation of wind velocity. It may be that as evening 
approaches the eddy-motion is not sufficiently intense to carry 
the surface air far enough upward to cause condensation. 

In BO far as radiation from the cloud occurs it would, of course, 
tend to cause descent of air as indicated in this chapter, and it is 
possible that both causes may concur to produce the actual result. 
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THE LIFE HISTORY OF SURFACE AIR CURRENTS 

RELATION OF AIR CURRENTS TO BAROMETRIC MINIMA- 
TRAJECTORIES OF AIR 

Wb are now in a position to turn our attention again to 
the various recognised forms of barometric distribution and 
consider the details of the weather associated therewith, bearing 
in mind the object of accounting for the various phenomena 
upon dynamical or physical principles. For this part of the 
subject we shall depend mainly upon the work represented by 
"The Life History of Surface Air Currents,” a publication of 
the Meteorological Office issued in 1906.^ That work began 
with a careful examination of the flow of air along the surface 
of the earth as determined by observations of wind. Prom the 
fact that a synchronous chart showing a well-developed cyclone 
indicates a series of isobars surrounding a centre and a series 
of winds more or less tangential to the isobars, but with some 
incurvature or inclination towards the side of the low pressure, 
it had come to be an accepted principle in meteorology that 
the line of flow of air along the earth’s surface was represented 
by a double spiral in the shape of a reversed S. Curving 
spirally outward from a high pressure area which was regarded 
as the region of descent, the air was supposed to travel round 
a considerable portion of kn anticyclone, always turning to 
the right, and presently to become involved in a cyclonic 
circulation. After more or less complete circumnavigation 
of the "low” centre in a spiral with a left turn, it was sup- 
posed to lose itself somewhere near the centre of the cyclonic 

’ \Vc make frequent leferences to this work, and heicaLier it will be sulhcieut 
if we refer to it as The Life History." 
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area in a rising current, fed by the convergence of the air in 
spirals, and forming cloud and rain. This mental picture 
of the course of events taking place in a cyclone was elicited 
by supposing that tlio state of things shown on a syn- 
chronous chart was persistent in the sense that the actual 
paths of air ^Yith reference to the centre were the spirals that 
can be traced upon the chart by forming lines of wind arrows, 
head to tail, over the map. It leaves out of account the fact 
that the centre of low pressure is itself moving, and that some- 
times it moves at least as fast as the fastest of its surface 
winds. It will readily be seen, when one takes account of 
the movement of the centre, that a wind which seems on a 
bynoptic chart to be making for a point 100 miles in front 
of the centre may find itself actually at the centre when 
the time comes for it to cross the path ; and on the other hand 
a wind that seems on the chart to be directed straight for the 
centre may equally miss it by 100 miles. An example of the 
difference between the suggested spiral paths of air and 
the actual paths on the map is given in Figs. 94 and 95, 
taken from “The Life History.” Fig. 94 is an isochronous 
chart of the Atlantic for November 15, 1882, showing “highs” 
and “ lows” connected by the S-shaped curves of instantaneous 
motion printed in red. Fig. 95 shows the actual paths of the 
air over the region on the day of the chart and the two days 
on either side oi it. There is very little similarity between 
the actual paths and the S-shaped curves. 

The slower the motion of the centre the more does the path 
that suggests itself on the synoptic chart become realised as 
the actual path of the air. A very good case in point is given by 
the charts of Fig. 96, which represent a persistent anticyclone 
over the Iberian peninsula. Bound this anticyclone, according 
to all the evidence we could collect, a current of air travelled 
on February 19 to 22, 1903, and carried African dust to fall 
as red or earthy rain in our islands where the warm current 
from the south was pushed upward by a colder current that 
crept alongside after traversing the ocean from the west, as 




of teiiifite All Cuiient’s * 




Trajectories of Air over the Nortli Atlantic. 
1882. November 13 to 17. 



Fig. 95. — The actual Paths of Air as shown hy the Trajectories are 1o he oontrasted with the 
Instant aneons Stream lAnes shown in rod in Fig- 91. Prom The Ijife History of Surtaee Air 
Currents,’* with ailcliHous. 







Persistence oP Anticychne f4ttl ard Lemptert QJ 04^ 


Eig. 96. — Charts of Isobars ovor the Atlantic for Eobruary 19 to 22, 1903, 
numbered 1770, 60 to 63, with Trajectories of Aii‘ for the same 
period, numbered 1770, 65 to 66. 

Nos. 65 to 66 show Trajectories of Air carrying Dust from Africa 
round a persistent Antic 3 ’clone over the Spanish Peninsula, February 
19 to 22. 1903. 
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1901 . Novembev 11 , Op.m. 1901 1^117011160112,41.111. 



1901. November 12, 8 a.m. 



Fia, 97.— SynchronoUB Charts of tho Slow 
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1901. November 12, 6 p.m. 1901 November 13, 8 a.m. 



1901. November 13, 6 p.m. 



Travelling Depression of November 11 to 13, 1901. 
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shown by the “ trajectories ” or actual paths of the air in the 
last two of the six charts of Pig. 9ij} 

Possibly gradual incurvature from all sides may take place 
in the case of tropical hurricanes, which move slowly compared 
with the wind that occurs with them ; the order of relative 
magnitude may be taken as ten miles an hour for the motion 
of the centre as compared with 100 miles an hour for the 
motion of the hurricane wind. But observations upon such 
a point are not very numerous; observations of any sort 
during a hurricane are indeed specially difficult, and a good 
deal of our knowledge about them must necessarily be by 
inference. With the milder visitations of these islands we are 
in a better position for examining what actually takes place 
with regard to the motion of air. 

With this object in view, Mr. E. G. K. Lempfert and I traced 
out the actual motion of air along the surface by constructing 
hourly maps for a number of special cases, some of which I 
will now refer to. Our plan was, by using hourly maps, to trace 
the actual paths of air step by step and examine the progress 
of the air as compared with the progress of the centre of the 
depression. We called the actual paths of the air as traced 
on the maps “ trajectories of air,” and I will first call attention 
to the maps and trajectories representing the paths of air 
associated with the very rainy depression of November 11 
to 13, 1901. The minimum of pressure moved only slowly; 
the winds reached fifty-nine miles per hour, but the depression 
travelled about seventeen miles per hour; hence in this case 
we had conditions, as regards the relative proportion of speed 
of the wind to the speed of the centre, intermediate betw^een 
those of a tropical hurricane and those of the fast-travelling 
circular storms which are not uncommon in these islands. 

RAINY SLOW-MOVING DEPRESSION OF NOVEMBER, 1901 

The six synchronous charts of Fig. 97 show some of the hourly 
maps, and charts a, b, 0 of Fig. 98 show the trajectories. 

‘ Mill and Lempfert, “ Quarterly Journal, Roy. Met. Soc.,” Vol. 30, p. 67, 1904. 




rie. 98 V. — Trajectories of Air, Fig. 9Stj — Trajectories of Air, 

Novemljer 11 to 13, 1901. Nu\ ember 11 to 13, 1901. 



Fig. 98c.— T rajectoiies of Air, Fie 98d -Diagram illustiatiiig the 
November 11 to 13, 1901. Oon\eigeiice of Air dining the 

Passage ol the Depiession of 
November 11 to 13, 1901. 
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It will be noticed with rescu’d to the latter that \^hereas all 
the air that approaches the centre directly from the south 
goes straight to the middle region and is lost, probably in an 
upward current, no single 
trajectory directed f lom any 
other quarter arrives at a 
termination in the central 
region w’ithout first turning 
round the rear and approach- 
ing from the south. This 
.suggests that all the air 
which went upwards and 
caused rain in accordance 
w’ith the principle of con- 
vergence referred to on 
p. 210, was that brought by 
the southerly winds, and that 
the function of the easterly 
or north-easterly winds to 
the north of the path of the 
centre was to form a barrier over which the southerly current 
could rise. Chart n of Fig. 98 sliow.s the great convergence 
of air in this case which must have been associated with the 
great rainfall represented by isohyetal lines in Fig. 99. Along 
a strip of country on the north side of the path as much as 
four inches of rain fell in the course of the four days. 

FAST-TRAVELLING DEPRESSIONS 

The trajectories in the case of November 11 to 13 may be 
contrasted with those of tlie fast-travelling circular storm 
of September 10 and 11, 1903, which is represented in 
Fig. 100. The rain due to this depression, shown in the 
small central chart of the figure, fell in a position very similar 
to that affected in the previous case, but it reached only 1*5 
inch, or less than lialf that of the slow-travelling storm. 

In this case the air in all trajectories as shown in Fig. 101 



Fig. 99. — Distribution ol llaiiiiall. 
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CIRCULAR STORM OF SEPTEMBER 10-11, 1903 






1903. September 10~1 1 . 



Flo. 101. — Trajectories of Air, 


approaches the centre from 
the south-west, not directly 
from the south, and many 
of the trajectories are seen 
lo form loops. The motion 
of the air becomes north 
and south when the path 
of the centre is readied in 
the course of the trajectory. 
It is not quite certain that 
the return portions of these 
loops are formed of the 
same air as the entering 
portions. A close exami- 
nation shows that there is 
a good deal of convergence 
in the region near the 
centre, and it is uncertain 
whothor or not there is 
descent of air near the 
turning points of tlio 
trajectories. 

Tliese two examples fur- 
nish a sufficient indication 
of wJiat happens to the air 
in the central regions of 
the typical dopreBsione 
winch visit our islands. 
The difference of rainfall 
between the slow traveller 
of November 11 to 13, 
1901, and the fast traveller 
of Se])tember 10 and 11, 
1903, is characteristic. Tt 
is, perhaps, to the differ- 
ence of character that the 
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difference of rainfall is due. It may be that so long as the 
supply of rain keeps up, the intensity of the depression can be 
maintained, otherwise it must either travel rapidly or lill up. 
The circumstances vhicli favoiu' rapidity of travel are still 
obscure. "We shall bring some further considerations forward 
in a separate chapter on the motion of depressions and isallo- 
baric charts. 

KINEMATOQRAPHIC REPRESENTATION 

The consecutive relation to the isobars of the course of the 
air along the earth s surface in a travelling depression is 
represented very elTectively by setting a series uf hourly maps 
each with its own isobars and portions of the trajectories 
in a zoetropic apparatus, which gives intermittent vision 
tlirough a series of slits in a revolving drum. An apparatus 
of this kind, representing the passage of the air in different 
parts of the cyclonic depressions, discussed in “ The Life 
History,” was made for exhibition at the Meteorological Office 
on March 31, 1905. The apparatus was subsequently put into 
more permanent form in 1908 and exhibited at the Royal 
Society in that year, and it was descri])od at the meeting of 
the British Association in Dublin. It is very instructive as 
showing how, according to the obsei’vations available, the 
different parts of cycloiric areas are fed with air from regions 
external to the de[)reHsion. TIic original ap])aratus is now on 
exhibition in tlie museum of the Meteorological Office, and a 
duplicate ill the Science Museum, Loudon. 

DISTRIBUTION OF TEMPERATURE AND WEATHER 

Let us now proceed to consider some details of tlic distributkn 
of the other meteorological elements in travelling dejiressions. 

1 have at this stage little further to add to what I have 
written in respect of the distribution of temperature in syn- 
chronous charts in Oha])ter V., exce])t to ask the reader to 
study again the chart of Januar}" 28, 1910 (Fig. 51), and the 
isothermal lines given in other illustrations, in connection with 


<4 
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fclie various causes of change of temperature enumerated in the 
preceding chapter. I will also give an illustration from two 
very similar distributions of pressure with notably different 
temperatures of the dilBcuUy of dealing with temperature 
except upon the basis of long experience in the use of weather 
charts. Figs. 102 and 103 represent the charts for April 8 and 
16, 1903. Notice that the temperature distribution of April 
10 is about 10"" colder in spite of a week’s advance towards the 
summer solstice at a time of the year of rajnd change. 

We have already seen (p. 133) that the distribution of cloud 
and rainfall, as represented by Abercromby and accepted by 
meteorologists generally, gives regions of cloud and rainfall 
roughly represented by the outside closed isobar of the 
depression and an inner isobar respectively. The chart of 
distribution of pressure at 7 a.in. in the Daily Weather Report 
was accompanied by a second chart on the same scale showing 
temperatures by figures and isothermal lines and weather by 
letters of the Beaufort notation. The fact that rain was 
falling at the particular time of observation is indicated in 
the pressure map by marking a black dot at the position of 
the observing station. The position of these rain points with 
reference to the centre of the depression offers an interesting 
subject of study. We seldom get any large area of rainfall, 
but as the maps are for a single epoch we can only form a 
general idea of the distribution by combining together the 
information of many maps. In the course of the investiga- 
tion of ‘‘The Life History” we wished to represent the motion 
of air and the distribution of weather with regard to the 
centre for certain of the cases therein considered, and for 
this purpose diagrams on the same scale as the trajectory 
maps were prepared referring the weather symbols on all 
the hourly or two-hourly maps to the centre of the depres- 
sion. A diagram constructed in this way gives a definite 
conspectus of the weather in all directions round the centre 
for the particular case under review. The diagrams for the 
slow-travelling depression of November 11 to 13, 1901 
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1903. April 8, 8 a.m. 



Conversion Table. 


In. Mb. 

29-4 . 995-6 

29-5 . 999-0 

29-6 . 1002-4 

29-7 1005-7 


In. Mb. 

29-8 . 1009-1 

29- 9 . 1012-6 

30- 0 . 1015-9 


In. Mb. 

30-1 . 1019 3 

30-2 . 1022-7 

30-3 . 1026-1 


Til© bolder doited line is the isotherm of 40® F., 277*4 1. 

It is much further east than the corresponding line in Pig. 103. 

Pig. 102. — Barometric Distribution similar to that of Pig. 103, 
■with Weather about 10® warmer. 
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1003. Apiil 16, 8 a in. 



The bolder dotted line is the isotherm of 40® F., 277*4 t. 

It is much further west thiMi the corresponding line in Fig, 102. 

Fig. 103. — Barometric Distribution similar to Pig. 102 with 
Weather about 10® colder. 
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(Fig. D7), and for two fast-travelling storms, March. 21 and 
25, 1902 (Life Hist.), and September 10 and 11, 1903 (Fig. 100), 
are reproduced in Figs. 101, 105, and 106. In these diagrams 
the centre of the depression is indicated by the crossing of 
the two thick lines at right angles, one representing the path 
of the centre and the other the trough line. The lines with 
arrows represent the hourly steps in the motion of the air tvith 
1 eferenve to the centre ^ that is to say, they indicate the way in 
which the air would appear to move to a person travelling 
with the centre or minimum. The black dots indicate posi- 
tions in relation to the centre at which rain was noted on the 
hourly or two-hourly maps. The area of rainfall, excluding a 
few isolated points where the weather is marked that is to 
say, where there was or recently had been a shower, is shaded, 
and the shaded area may be taken to compare with the rain 
area of Abercromby’s diagram. It wdll be seen that an area 
round the centre, roughly represented by the line of an isobar, 
is not a good representation of the rainy area as indicated by 
these three diagrams. We have, instead, for the two fast- 
moving depressions a roughly rectangular area with its sides 
at 45° to the line of motion and line of trough, cutting across 
the depression so as to give very little rain area behind the 
actual centre on the right rear, but a good deal before tlie 
centre in the right front. If we could regard these two cases 
as typical we might say, since the line of trough is the one at 
right angles to the path through the centre, it would be 
raining with the falling barometer in the right front and in 
the left front. In the rear the rain would continue with the 
rising barometer on the left, but not on the right. 

With the slow-moving depression also most of the rainfall 
is on the left of the path (Pig- 105) ; there is comparatively 
little on the right. The rain area is more elongated and 
more nearly parallel to the line of the path. 

A notable feature of the diagram of the slow-moving depres- 
sion is the isolated and elongated rain area which crosses 
the trough line. That is probably connected with certain 
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1U02 March 24 — 25. 



Fig. 105 —Motion of Air and Distiibution of Wrather and Eainfall relative to the Centro of Lowest 
Probsuie m the fc5low-tra\ eUing Stoim of November 11 — 13, 1901. 



1901. November 11— 13 




T?ig. 106.— MoUqu oE AU- .xml DLstvibutlon of Weather and RainWl lelaHxc to JHe Centre o£ Lowest Prees'-re 
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1903. Soptemlser 10- 
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curious phenomena of the trough, with which we shall deal 
presently.^ 

The distribution of cloud or clear sky outside the rain area 
is indicated by the letters o, c, he, and h. If we consider h 
and he as representing fine weather and the others as cloudy, 
we could draw a line enclosing the cloud area. Such lines 
would agree, roughly spealdng, with the boundary of cloud 
indicated by Abercromby, but in some other cases it may be 
noticed that it is fine in the inner region of a depression. 
February 26, 1910, furnishes a case in point. A reference 
to the map (Fig. 107)sl)OW8 that the isobar for 29'3 encloses 
regions which are marked with such varieties of weather as 
clear sky, sky one-quarter clouded, overcast, rain, and snow. 
In London, with all the pressure associations of the worst 
weather, it was noted as a brilliantly fine day. The distribu- 
tion of rainfall on February 12, 1904, 6 p.m. (Fig. 108), is 
also peculiar. The lettering shows that there is a strip of blue 
sky between two rain areas in the front of the depression. 

The distribution of clouds of different kinds with reference 
to depressions is a very large subject, which is treated to a 
certain extent in the sections quoted from Abercromb}^ 
Chapter V. Its systematic study offers an opportunity of 
great practical importance to the local observer, and should 
become in time a definite department of nature study in rural 
schools. We have already referred in Chapter II. to the principle 
of classification of cloud forms introduced by the publication of 
the Internationa] Cloud Atlas. The reader who is interested in 
the details of this subject may be referred to Mr. A. W. Clayden’s 
‘‘ Cloud Studies ’’ (John Murray) or ]\lr. G. A. Clarke’s “ Clouds ” 
(Constable & Co.). 

RAIN IN CYCLONIC DEPRESSIONS 

In dealing with the application of the general ideas con- 
cerning the production of rain to the special circumstances 
of particular cyclonic depressions, let mo refer to the diagram 

1 A chart of the clistubution of cloud and ininf.ill for a depression of No\em- 
bci 12 to 13, 1015, la given by Lempfeit and Ueddes, ** Q. J. lioy. Met. Soc.,*’ 
Vol. 43, p. 22, 1017 ; “ The Weather Map,’' p. 64. 

T 2 
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1910. February 26, 1 a.m. 



CO>\EKSION^ TvbLE. 


In. 

Mb. 

In. 

Mb. 

In. 

Mb. 

29*1 . 

985-4 

29-6 . 

1002-4 

30-1 

1019-3 

29-2 . 

988-8 

29-7 . 

1005-7 

30-2 

1022-7 

29 3 . 

992 2 

29-8 . 

1009-1 

30-3 

1026-1 

29-4 . 

995-6 1 

29-9 . 

1012*5 

30-4 

1029-4 

29-5 . 

999-0 ' 

30-0 . 

1015-9 




The bold dotted lino is the isotherm for 40® F., 277-4 t. 

Fig. 107. — Fine Weather within the Central Ttegiou ol a Cyclonic 
Depression shown by the letters b, be, within the Isobar of 
29‘3 inches. 
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1904. February 12, 6 p.m. 



Co^^LK&ro^ Tvble. 


In. Mb. In. Mb. ) In. Mb. 

28*6 . 9C8 5 29 2 . 988*8 29*7 . 1005*7 

28*7 . 971*9 29*3 . 093 2 ‘ 29*8 . 1009*1 

28*8 . 975*3 29*4 . 995 6 29*9 . 1012*5 

28*9 . 978*6 29*5 . 999*0 30*0 . 1015 9 

29*0 . 982*0 29*6 . 1002*4 30*1 . 1019*3 

29*1 . 985*4 

The bold dotted lines show isotherms for the 40° F., 277 4 t., 
and 60° F., 283 1. 

Fig 108. — Fine Weatlier bho>\n by the letters b, be, on the two sides 
of the Irish Sea between two Eain Areas in the front of an 
Advancing Depression. 





278 FOEEOASTING WEATHER 

(Fig. 105) representing the distribution of weather with refer- 
ence to tlie centre in the case of the rainy depression of 
NoveDibcr 11 to 13, 1901. In addition to the large rainy 
area in the front of the depression, there is a detached region 
of rain enclosed in a line drawn round five black dots which 
mark the positions where rain was falling. These five dots 
lie in a line which is nearly straight, but gives some indi- 
cation of curving inwards as the centre is approached. 
It crosses the trough line and keeps near to it. If the 
line of dots were continued up to the centre it might be 
regarded as a distorted line of trough. Note also that this 
region of rainfall is near the western boundary of the region 
of southerly winds. Further to the west we find certain 
examples of winds which are travelling eastward faster than 
the centre of the dej)ression ; thus the westerly wind may be 
regarded as running into the southerly wind, and the rainfall 
may perhaps be attributed to the westerly wind passing under 
the southerly wind at the surface. The trajectory lines on 
the diagram indicate that, in one part, the current coming 
from the west turned northward, and it is scarcely reasonable 
to dispose of the air in any other way, because a continued 
motion faster than the centre of the depression w^ould result 
in the depression being left behind. It would thus appear 
that the arrest of the eastward velocity in excess of the motion 
of the centre was accounted for by the undercutting of the 
W’arm southerly wind by a colder wind from the west and 
the subsequent diversion of the low’er stratum towards the 
centre. 

We have in this diagram a significant illustration of two of 
the different sets of conditions in which rain can be formed 
by the convergence of stream lines : first, the passage of the 
southerly current of moist air over the barrier of cold easterly 
wind northward of the centre ; and, secondly, the overwhelming 
of the ground on the western flank of the southerly current 
by a flood, or perhaps a flush of cold air, coming from the 
west. The supply of moisture in both cases is provided by 



LIFE HISTORY OF SURFACE AIR CURRENTS 279 


the southerly current. In the first case the current meets 
with an obstacle in front which it surmounts, and thus provides 
the abundant rainfall of the left front of the depression. In 
the second case the warm air supply is attacked on the ^vestern 
side by air, which pushes underneath it and causes a narrow 
band of rainfall.^ In the particular instance represented by 
the diagram the westerly wind appears to have come round 
from the north, but this is not a matter of importance. The 
point to be noted is that it is colder than the southerly air 
which it replaces. The changes of temperature at Scilly 
from 56° at 8 a.m. in the southerly wind to 51° at 2 p.m. on 
November 12, at Portland from 55° at 2 p.m. to 51° at 
6 p.m., and at Brest from 55° in a south-westerly wind at 
8 a.m. to 49° at 6 p.m., indicate the amount of difference 
between the two currents, 

AIR SUPPLY IN CYCLONIC DEPRESSIONS 

If this representation of the conditions for the production 
of rain be a true one, the cyclonic depression comes to have 
a very different aspect from that which is usually accepted. 
The essential constituent is the southerly wind which forms the 
eastern flank of the cyclone ; next we require a cold easterly 
current crossing the southerly wind at about the line of the 
path; and, thirdly, we require a wind which I will call a 
westerly one, because it is westerly when it invades the ground 
of the southerly current. Of these three currents at least 
two represent supplies of air from widely different quarters. 
The southerly wind is a warm moist wind, which comes from 
some distance to the south of the depression; the easterly 
wind is a dry cold wind, which may enter the depression from 
the south-east, east, or north-east. A westerly wind may 
come originally from the north, but the westerly wind that 
cuts under the southerly wind is a cold and relatively dry 

1 The reader should compare the positions of the two rainfall areas with the 
positions of the two V-shaped depressions shown in the chart for December 23, 
1909 (Fig. 43, Chapter V.). 
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wind, coming from the north-west, possibly from the Atlantic ; 
it may, hoTvever, come from the north or north-east, and bend 
k'ound the rear of the depression. 

A very good example of the separation of the areas of rain- 
fall is given by the 7 a.m. map for Friday, April 15, 1910. The 
rainfall of the front is clearly distinguished from that of the 
trough (Fig. 109). The rainfall of the front is indicated by 
dots at Holyhead, Liverpool and Nottingham, whereas the 
rainfall of the trough is represented by the line of dots, 
Scilly, Brest, I'Orient and Rochefort. A very interesting 
example of the distribution of rainfall is given by the chart for 
March 10, 1010 (Fig. 110). All three types of rainfall are 
shown in separate areas. In the north we have an east and 
west line of front-rainfall, w’here a southerly wind crosses an 
easterly one, in the south there is general convergence, and in 
the west the cutting in of westerly winds to southerly winds 
with the usual varieties of weather from b top. 

These winds from different ultimate regions cross one 
another in the depression at finite angles and almost every 
depression shows large tracts covered by winds of nearly uni- 
form direction succeeded by different winds which are also 
uniform over large areas. The juxtaposition on the map of 
these regions of winds of definite direction with a finite dif- 
ference of angle betw^een the directions of the regional winds, 
suggests the sudden transition from the one direction to the 
other as the changes pass over the map. The suggestion is 
quite w’ell borne out by the anemograph records and, indeed, 
also by common observation. 

The variations of the weather- cock are for the most part 
sudden shifts of wind, and a study of the anemograph records 
shows that there are frequently sudden transitions from a 
steady or nearly steady wind in one direction to an equally 
steady wind in a direction arrived at by veering through an 
angle of from four points or less to as much as eight points or 
even more. It is a matter of common observation, too, that 
these sudden veers of wind are attended with equally sudden 
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1910. March 10, 7 a.in. 



CoirvEftsxox Table. 


In. 

Mb. 

In. 

Mb. 

Tn. 

Mb. 

29-2 

988-8 

29-6 

1002-4 

30-0 

1015-9 

29-3 

092-2 

29-7 

1005-7 

30-1 

1019-3 

29-4 

995-G 

29-8 . 

1000-1 

30-2 

1022 7 

29-5 

999-0 

29-9 . 

1012-5 




The bold dotted lines are iso therms for 42° F., 278-6 t., 
and 45° F., 280-2 t. 

Fig. 110. — Chart showing three dilTercnt kinds of Rain Formation in 
a Cyclonic Depression ; 

1*. SoutherJv (’urreut over Easterly Current, Shetland to 
Sweden. 

2. Oonvcri?ence of tlie Southerly Current, N'orlhern France, 

3. IVc-slcrly AVind cutting under Southerly Wind, Ireland. 
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and permanent changes of temperature, from which we may 
certainly infer that the air supply is being drawn from a 
different locality. Not infrequently the transition from one 
air supply to another is accompanied by showers or other 
disturbance of the weather. 

So far as I know, these sudden changes of wind direction 
with the accompanying x)henomena of weather are confined to 
the north-west, south-west, and south-east quadrants of the 
depression ; they are most frequent in the south-west quadrant 
between the trough and the path, most frequent indeed at the 
trough line itself where the westerly wind cuts into a southerly 
or south -w’esterly wind ; but one can find examples of a south- 
wester cutting into a southerly wind and even of a northerly 
wind cutting into a north-wester (see the map for 7 a.m. 
Sunday, January 1, 1911). But I know of no example of a 
north-easterly wind cutting into a north wind, or an easterly 
wind cutting into a north-easier; cases of a south-easterly 
wind suddenly invading an easterly wind are perhaps doubtful. 

The sudden transitions of wind are always in the direction 
of veering and of colder wind ; the backing from a cold wind 
to a warm one does not present the same characteristics of 
suddenness and completeness ; the backing may be rapid, but 
it is then irregular and has not the characteristic features of 
the steps observed in veering. Generally speaking, backing 
occurs when the wind is light and uncertain, but the veering 
here spoken of often takes place when winds are strong, 
sometimes when they are at their strongest.^ 

DIFFERENT TYPES OF DEPRESSION 

While the sudden transition from one wind to another from 
a different direction is a marked characteristic, particularly of 
what may be called the south-western half of a depression, 
that is to say, tlie half of the depression w^hich lies to the 
Boulh-wesb of a diameter running north- w’Gst and south-east, 
and is often more marked the more intense the depression, 
such sudden changes are not universal. There are occasions 

^ Tho reader bhnulcl compare ^^ith this account of the air-suj)ply in cyclonic 
deprcBBions that given by J. Bjerknes in “ Tho Polar Front,” Chapter X. 
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(probably the fast-travelling depressions of March 24 and 25, 
1902, and September 10 and 11, 1903, would illustrate them) 
when the backing and veering of the wind is a gradual 
sequence, and this leads one to suppose that the convergence 
of winds, or of stream lines of air, producing rainfall is not 
always due to the crossing of currents at a finite angle, but 
may arise from the closing in of currents approaching the 
centre of a depression. That there is a general convergence 
of stream lines within the area of a depression is certain and 
it has been examined numerically in the examples referred to 
and represented by the diagrams. Chart “n” of Fig. 98 
reproduced from “ The Life History,*’ shows how great Avas 
the general convergence in the depression of November 11 
to 18, 1901, and the convergence for different parts of the 
depressions has been measured by finding the change in area, 
within two hours, of the boundary represented by circles 
when the centres are placed at the various points. 

These differences and the convergences shown by them 
include the crossing of currents which Ave have already referred 
to, but in some cases we are entitled to conclude that there is 
also gradual approach of stream lines from nearly identical 
directions and consequent thickening of the surface layers 
and elevation of part of the air. Possibly it is convergence of 
this character which accounts for the more or less uniformly 
distributed rainfall in the right front and left rear of the 
depression, while the crossing of winds increases the rainfall 
of the left front and accounts for the heavy showers of the 
trough and the south-west quadrant of the depression. 

REPRESENTATION OF A DEPRESSION 

From this analysis of the causes of rainfall in different parts 
of a depression we may make a new representation of the con- 
stituent parts of a complete depression which will be useful 
for reference in future. It is given in Fig. 111. E, E is the 
easterly current forming the northern barrier of the depression. 
S, S to SE, SE the converging southerly current, and W, W 
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the invading westerly current. The positions of the areas of 
convergence due to the crossing of lines of flow or the approach 
of adjacent lines should be compared ^^itll the positions of 
the rain dots for March 10, 1910. (Fig. 110.) 

The north-west quadrant is not filled up. It is the region 
where the air sometimes bends round from the east to the 
north-west and west, but the air supply for the westerly 
current is not always dez’ived in that way. 

The representation is exaggerated, but perhaps not more so 

-E 


C O L»D 
Rainfairfiom 


ascending air 



Fig. ill. — Diagram Representing the Constituent Parts of a Cyclonic 

Depreasiou. 


than the conventional representation of continuous circulations 
round a central minimum. Upon a synchronous chart the 
sudden veerings of wind are not generally so marked as those 
represented in the diagram, but the representation is a useful 
one to bear in mind. 

Moreover, there is some confirmation of this mode of repre- 
sentation from a consideration of the trajectories of air over 
the Atlantic Ocean as given in The Life History.” It is 
there shown that a southerly wind generally keeps a very 
straight course, but is short-lived; its function, apparently, 
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1900. January 6, 8 a.m. 1900. January fi, fi p.m. 



Fio. 112.— Charts illusti'ating the passage of a Y~shaped 
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1900 J itiiuiy 7, Sam. 



1900. Januaiy 7, 6 pm. 



Depieasion or “Ligne de Giaiu,” Januaiy 6 to 7i 1900. 
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is to be driven upwards either by its own convergence, or by 
meeting a body of cold air ahead, or by being invaded by cold 
air on its flank. It is precisely the kind of fate one would 
ex 2 ^ecfc for warm air coming from southern regions laden 
with moisture. On the other hand, the cold air of the 
easterly current is very unpromising material out of which to 
make a rising current. It is, in all probability, a part of some 
anticyclonie supply from further north and is on its way south- 
ward cooling the surface as it goes, itself getting warmer and 
remaining in consequence a dry wind. Such a wind has all 
the qualifications for keeping along the surface until by 
travelling over warm sea in the rear of some low pressure 
area it becomes a warm southerly current and ready to 
ascend. 


V-SHAPED DEPRESSIONS 

We saw that there were two separate regions of rainfall for 
the depression of November 11 to 13, 1901, and that ol 
these two regions one may he associated with rainfall caused 
by gradual convergence or by the easterly wind in front of 
the southerly one, and the other to the undercutting of the 
southerly wind by a cold westerly one. V-shaped depressions 
seem to afford notable examples of this second type of rainfall 
formation. In illustration of this we may point to the case of 
the V-shaped depression of January 6 and 7, 1900, dealt 
with by means of two -hourly maps in the work on surface air- 
currents. Fig. 112 represents a series of the maps, beginning 
with that for 8 a.m., January 6, and ending with that for 
6 p.m., January 7. Pig. 118 represents the lines of advance 
of the trough, and Fig. 114 the motion of air and distribution 
of rainfall with reference to the line of trough. The charts 
and diagrams speak for themselves; the replacement of a 
southerly current by a northerly one is obvious, the dis- 
a^jpearance of the southerly air near the trough, and the 
association of that event with the rainfall, equally so. 

Another characteristic example of the distribution of rain 
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in a V-shaped development of a cyclonic depression is afforded 
by the map tor 7 a.m. of June 21, 1910 (Fig. 115). The 


V-'-hapod 'Doprc'.sion, .lauuary 5 to 7, 1900. 



7//e hroUn Une\ tnduate the fositions or 'I he curler at the be^tnnwg or end of the 

the tfOH^h ij/* loivtit />fC5iU7e. J hi con trajectorus indicate that the tiajectories 
tuntOHS line\ \ei>aratt, Hu rif>ioii undti the ton meneed ti ended m a region c/ calm, 
uifluttue of the distin/aiice /io\n tlu anh- 
CMionu 7C^ion tn font o/ li A ^rai/ott lout 
ii^aidid as I omtn^ undt f Uu in flat net of the 
dutm hantt ’ivhen Hu lomd znlocuy at it 
rent hid lo nnh \ /< i hou> 

VlG. 113. — Position of Trough and Fi(r 114. — Motion of Air and Bis- 
Boundai y of Storm . tributi oi i of Wcathor and Rain- 

fall 1 dative to the Trough of 
lowest Pressure. 

positions of the rain dots are a sufficient indication of the rain 
area. 

PARALLEL ISOBARS AND RAIN LINES 

Let us now consider another of the selected types of isobars, 
one which is noteworthy for irregularly distributed rainfall, 
namely, the case of parallel westerly isobars when we have to 
deal with a current of great width, covering a long stretch, 
from some point between south-west and north-west. (See 

F.W. 


U 
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1010. June 21, 7 a.irt. 
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The bolder dotted lines are the isotherms for 65® P., 285-8 t. 

Fig. 115. — Chart showing the position of the Rain Area in a 
V-shaped Depression. 
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Fig. 37, Chap. \.) This case is very well illustrated by the 
sudden decrease in the force of the wind accompanied by a 
change in wdnd direction on February 24, 1903, which forms 
the subject of the eighth section of ‘‘ The Life History.” If 
we look at the map for 8 a.m., February 24 (Fig. 116), we 
find a regular system of south-westerly isobars over the 
British Isles forming apparently the south-eastern quadrant 
of a great cyclonic system with its centre somewhere beyond 
Rockall. The depression is of such great dimensions that the 
isobars show but little curvature, oo we may take it as a fair 
exaiiixde of parallel isobars. There is rain over Ireland and 
the west of Scotland, which is perhaps due to the general 
convergence of air in the right front of the depression. The 
regularity of the isobars is equally represented in the maps for 
2 p.m., 6 p.m., and 9 p.m., but if we turn to the records of 
wind obtained from the anemograph stations we find the most 
remarkable fluctuations of wind force with simultaneous 
changes in wind direction, as well as in pressure and tempera- 
ture. At Falmouth there was a sudden lull of the wind at 
6.45 p.m. from a strong gale of sixty miles per hour to a breeze 
of twenty miles per hour, and at Plymouth, eighty minutes 
later, an almost instantaneous lull from fifty miles per hour 
to fifteen miles per hour. These changes and the accompany- 
ing changes of wind direction, pressure and temperature at 
Falmouth are represented in Fig. 117. From the smooth 
run of the isobars at 6 p.m. no one could have expected such 
a change. Hourly maps were therefore prepared to probe, if 
possible, the secret of so marked an event. All the maps 
presented the same smooth a]Dpearance, but the stations 
noting rainfall were shown grouped in a line running from 
Roche’s Point to Sumburgh Head at 2 p.m., and from Soilly 
to Sumburgh Head at 6 p.m. ; from Portland to Spurn Head 
or North Shields, with the linear arrangement much less 
marked, at 9 p.m. When the anemographic and other 
records came to be examined it appeared that the veer of 
wind with a fall of temperature and a shower of rain had 

u 2 
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No 8 SUDDEN VEER OF WIND FEBRUARY 24TH, 1903 



\utt Jit inUtd {mu /I^f t T aiuf 4 <Ae po Umiu uf tht along whuh the eh tnje of 

u.at taking ploM 'iee Pinit XVlIi Pig t 
Tkt mark • £ha< ram uiu /slimy at tha hour nf obseroatwn 


Fig. 116.— Charts foi 8 a m., 2 p.m., 6 p m . 9 p.m., February 24 , 1903, 
illustrating Changes of ^ind and Weather in Stiaight Isi'bais. 
(From “ The Life History of Surface Air Currents.”) 
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AT FALMOUTH 8 PLYMOUTH 



Li'ia. 117.— M 0 teoiT)logical Eecoi-ds illusfciatiiig the Occurrence of Heavy 
Bain when the wind dropped,** February 24, 1903. 
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swept across the country like an advancing wave — the fronts 
of advance in this case being roproscnted in Pig. 119. The 
trajectories of air, of which the later show definite but small 
change of direction from the earlier ones, are given in Fig. 118. 

Considering the changes of pressure shown at the various 
stations, we may fairly conclude that the smoothness of the 



Pig. 118. 


Fie. 119. 


Trajectories of Air for Pebruary 24, 1903, and Isochronous Lines showing 
the Travel of sudden Changes of Wind across the Hritish Isles. 


isobars is due to the pardonable neglect in synchronous charts 
for a large area of such small details as the sudden rise of a 
few hundredths of an inch in pressure ; and as the wind subse- 
quently recovered temporarily its old direction, or nearly so, 
and something of its old velocity, the sudden transitions of 
the self-recording instruments were represented on the map 
as a gradual opening out of the isobars ; but subsequent inves- 
tigations of occurrences somewhat analogous have shown that 
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the isobars might have been drawn to show the sudden 
character of the changes, and that their real shape might 
have been somewhat similar to those shown in Fig. 120. 
Such distortions could easily have been smoothed out in draw- 
ing if special attention had not been directed to the indica- 
tions of the barograph. 

Closer investigation indeed reveals the fact that the great 
westerly and south-westerly current is in itself a very complex 
structure and that the interactions between its component 
parts account foi a good deal of w'hat is apparently capricious 
in its weather. (See Chap. V). Quite a number of cases 
occur in which a strong wind is shown veering suddenly with 

a lull accompanied by 
rain. These are cer- 
tainly cases in which 
“ it rains when the 
wdnd drops,” a variant 
of the common saying 
that it will not rain 
until the wind drops,” 
for which I have long 
sought an explanation. 

Here let me draw particular attention to the advancing 
line of rain which accompanied the changes of Fig. 117. Such 
rain lines are a special characteristic of westerly weather. 
Each station over which the line advanced would have noted 
a shower, and the distribution gives us the first suggestion of 
travelling weather in a new form and one which is quile 
different from the general advance of the low pressure. In 
this form the line of rain lies across the isobars and advances 
“ broadside on.” Its rate of travel is very well defined ; in 
many cases it travels approximately with the velocity of 
the wind behind it. The line of front is easily identified 
on the map by the arrangement of the rain dots in a line. 
Thus it gives us an opportunity of forecasting not only the 
approach of rain but the actual time of the arrival of the 




296 FORECASTING WEATHER 

Bho^\el^ if ^^e know the velocity with which the rain-line 
travels. 

An examination of the daily charts furnishes a considerable 
number of examples of such rain lines in westerly or south- 
w^esterly weather, and their introduction into forecasting 
promises a useful extension of our present practice. We 
shall examine the details of some more highly developed 
examples of a similar nature in the chapter on line-squalls 
which follows. In the meantime let me call attention to 
some occasions ot apparently capricious distributions of rain- 
fall in the southerly or w'esterly current which, although not 
so identified at the time, may be regarded as phenomena to 
be studied in relation to this part of our subject. 

The first is an example of the passage of a small baro- 
metric variation over Valencia, Falmouth, and Kew in 1900, 
which was accompanied by a fall of a fifth of an inch of rain 
at each one of those stations in succession. Fig. 121a gives 
the autographic records from the three observatories and 
shows the simultaneous occurrence ot a slight rise of pressure, 
fall of temperature, lull of wind and fall of one-fifth of an inch 
of rain at about 2.30 p.m. on the 22nd at Valencia, 10.30 p.m. 
at Falmouth, and 3 a.m. on the 23rd at Kew. Figs. 121b and 
121c show the synchronous charts for 8 a.m. on the two days. 
The latter shows a small secondary over the North Sea which 
is barely indicated on the Kew barogram. The shaded area 
shows the region over which rain fell within the twenty-four 
hours. 

The second is an obvious rain line shown on the 8 a.m. 
chart for July 3, 1907 (Pig. 122). It covers Jersey, Portland 
Bill, Holyhead, Donaghadee, and Malin Head, with an out- 
lying rain point at Scilly. The rain line is related to a low 
pressure centre to the north-west of Ireland. At the time of 
its appearance on the morning map, I computed its rate of 
travel from the velocity of the following wind, and estimated 
that it would reach London at 6 p.m. Whether by accident 
or by the arrival of the rahi line “ on time/* at 6 o*elock it 



LIFE HISTORY OF SURFACE AIR CURRENTS 297 


JUNE22-Z3rd 1900. 

VALENCIA FALMOUTH KEW 

22no E2-Z3rd 23rd 

noon 2 4 6B 10 Morr 2MDT 2 4 6 



NOON 2 4 6 8 10 MDT 2 MOT 2 4 6 


I'^iG. 121a. — Tiacos from the Self-recording Instruments at Valencia, 
Falmouth, and Kew, bUowiiig the Travel of Cliaiigcb associated 
with the fall of ouo-iifth of au incli of Kaiu at each Observatory. 

The data for Valencia refer to the observatory atCahirciveen, 
which is oil the mainland opposite Valencia Island, and tliose for 
Kew to the observatory at Richmond, Surrey, known as Kew 
Observatory, but not at Kew. 






The bold dotted lines show the isotherms of 60° F., 288-6 t. 

Fig. 121b.— Showing, with the Chart for June 23, the Di.stributioii of 
Pressure during the Passage of the Changes represented m the 
preceding Figure. 
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Fig. 121c. — Chart showinjr f!>eeoiidary Depressions probably as-^o- 
eiated with the Eainfall and other Phenomena indicated in 
Pig. 12 U. 
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1907. July 3, 8 n.m. 
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Fig. 122. — ^Travelling Haiii Lino: Maliu Head, Uonagliadeo, 
Holyhead, BalJi, Jersey. 
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began to rain in London. A curious case presented on 
the 25th of the same month, wlien a rain line, Scilly — Pem- 
broke — Holyhead — Liverpool — Shields, made its Tsay across 
England against a light easterly surface wind, but in strict 
obedience to the trend of the isobars round a high-pre&sure 
centre in Spain. 

The explanation of some at lea&t of these rain lines and the 
associated changes of the pressure and wind is probably to be 
found in close association with the sudden change of tempera- 
ture, which is their most easily identifiable feature. This is 
explained by snpiiosiug that the great southerly or south- 
westerly current draws its air supply from different sources, 
and that in reality we have two currents of different 
temperatures running alongside. The cooler current begins 
to spread under the warmer one, and the spreading out of the 
cold air represents the advancing wave front with its shower, 
the change of pressure and temperature marking the boundary 
of its advance. Evidence is gradually accumulating for this 
explanation of tiie origin of rain lines and the line squalls to 
be described hereafter. 

1 do not wish to enter into any further discussion of the 
mode in which the two currents come alongside each other 
with considerable temperature differences between them. I 
have already called attention to the instructive case of 
February 19 to 21, 1903, when the current whicli brought 
sand from Africa found itself alongside a colder current 
^^hich came from the western Atlantic with a sharp line of 
demarcation; and in Clia])tcr XL I will notice an example 
cited by Mr. Lernptert in his account of the line squall of 
February 19 and 20, 1907 (Fig. 15). In this case there was 
marlced difference of temperature on two sides of an isobaric 
line along Avhich the tw^o currents were flowing. 

These cases of the formation of rainfall by the juxtaposition 
of currents at different temporabures seem to pass directly 
into cases of the second t^po of rainfall formation, namely, 
the cutting in of a westerly enrront on the western side of a 
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Boublierly one. The angles between the interacting currents 
may vary from the parallelism of February Id and 20, 1907, fco 
the near approach to opposition of January 6 and 7, 1900 
(Fig. 112). 


CAPRICIOUS RAINFALL 

It Is only fair to add to the examples of the distribution of 
rainfall chosen to show the relation to known physical con- 
ditions some others which do not accommodate themselves to 
such simple explanation, and which a forecaster is justified in 
calling capricious. 

The first example is the curious one of 6 p.m. of February 
12, 1001, of which the map is given in Fig. 108 on p. 277, where 
tw^o regions of rainfall, apparently forming part of the front 
of an advancing depression, are shown to be separated by a 
line of fine weather identified in the chart by the succession 
ot 6’s between isobars crossing the east of Ireland. 

The second example is one of equally capricious temper. It 
shows the ma^) for 7 a.m., March 8, 1910 (Fig. 123), with a 
sinuosity in the isobars crossing the south of England, and 
rainfall associated therewith. In forecasting, this would be 
called a small secondary depression,” and there is no other 
indication, except the sinuosity of the isobar, to explain the 
occurrence. It seems merely casual. In drafting forecasts 
items of this kind are often referred to as “ Rain locally ” or 
“ Some rain in places,” and at present we are unable in these 
circumstances to say at what time or in which places. 

Another example (Fig. 124) is furnished by the map for 
May 2, 1910, when the official forecast of the previous evening 
was falsified for London and the south-east of England on 
account of conditions which are represented by the sinuosity 
of the 80*1 isobar. The isobar in question formed part of 
a large anticyclonic system that seemed to promise fine 
weather over the whole country. But see p. 301. 

The fourth example, that for April 16, 1910 (Fig. 125), is 
adduced because it shows conditions under which rainfall is 



In. 

Mb. 

29 1 . 

98r, 4 

29-2 . 

988 8 

29-3 . 

992-2 

29-4 . 

995-0 

29-0 . 

999-0 


Co^VEIt&ION Tvble. 


III. 

Mb. 

29-G 

1 002-4 

29-7 . 

10().")-7 

20-8 

1009-1 

29-9 . 

1012-j 

30-0 . 

1015-9 


In. 

Mb. 

30-1 

1019-3 

30-2 

1022 7 

30-3 . 

1020-1 

30-4 . 

1020-4 


Fig. 123. — Chart showing Ca])riciou8 Hainfall in “ Straight 
Isobars ’’ ol the Southerly Type. 

Note. — It is important to remark that the sinuosity in the isobar 
such as that shown in this chart may be analysed into a small rotating 
system superposed upon the straight isobars. 
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1010. May 2, 7 a.m. 
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Fig. 124.— Forecafet Failure and Exceptional Case of Eainfall. A 
thoroughly wet and gloomy day in London in front of an ordinary 
Ant icy 010116 . *' 
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1910. April 16, 7 a.m. 
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Fio. 125.— A Day of Thunderslorin, with PloodM, near London, 
llain HI the North and West of a Cyclonic Depresssion. 
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al'ways capriciouB, and also because it shows rain in that part 
of a cyclonic depression where the east wind chanyes into a 
north wind. It is difficult in that case to form an opinion as 
to where the water comes from. The fact that very heavy 
local rainfall, causing floods, was experienced in the north of 
London, following on thunderstorms in the north-west of 
England of the day before, probably shows that the vertical 
structure of the atmosphere was on this occasion very compli- 
cated. The intrusion of an area of cold from the north, as 
shown by the isotherm of 40° on the chart, is very noteworthy 
in connection with the local rain in the north and west. 

RAIN IN THE UPPER AIR 

The suggestion of a comiflex vertical structure producing 
rainfall, wdiich is unexpected either in locality or amount, 
loads on to the example of June 6, 1910 (Pig. 126), and the 
remarks upon rainfall in the upper air which conclude this 
chapter. The mai? for 7 a.m., June 6, shows rain in South 
Wales and central Ireland in a north-easterly current of air 
which had previously had ample opimrtunity of depositing any 
moisture which it might have brought from the high-pressure 
region over the northern Atlantic. Rain in such conditions is 
bej’ond the forecaster's horizon. There is indeed a slight 
sinuosity of the isobar, and doubtless it is connected as usual 
with the formation of rain. But then there is nothing upon 
which to form an idea of the locality, duration, or extent of 
the rainfall. On this occasion I was curious to find out 
whether there were any facts available to explain the apparent 
caprice. Mr. Gave, of Ditcliam Park, Petersfield, was good 
enough to give me his weather notes, from which J quote 
the following: — ** June 6, 2 a.m. to 3 a.m., thunder and light- 
ning, most flashes from cloud to cloud; 8 a.m., very heavy 
rain, with 1. and t. Rain stopped about 9 a.m. Surface wind 
northerly, with scud, cumulus from east-south-east persisting 
till 9 a.m.,’* in continuation of similar conditions of cloud 
motion observed the day before. It is clear that in this 
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1910. Juno (), 7 a.m. 
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Tlio bold dotted lines show the isotherms for 50® F., 283 i. 
Fig. 126.— Heavy Haiidall ^^i^h North-Easlerly or Northerly 
Winds imaecounted for by Surface Conditions. 
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case the northerl}^ surface wind was a thin layer. The 
source of the water for the thunderstorms should possibly be 
looked for in the south-easterly current aloft. The surface 
wind might have produced some influence by fluctuations in 
its depth, but it would be simply a cushion over which the 
i*ainy air travelled. 

In this chapter I have endeavoured to supply an explana- 
tion upon physical grounds of the formation of rainfall 
associated ^^ith travelling depressions. In doing so I have 
shown how the causes of production of rainfall may be 
supposed to operate to produce rain in the right and left 
fronts of an advancing depression, along the trough line and 
also along other lines in the region of the westerly or south- 
westerly currents. I have made use of the evidence to 
be obtained from observations upon surface currents. I 
do not overlook the fact that the formation of rain is not 
ill itself a surface phenomenon. In that connection the 
surface may be only the recipient of a by-product of opera- 
tions conducted entirely aloft. The changes of pressure which 
take place in the upper air must alwa3’s be transmitted to the 
surface, so that we can always be in possession of that 
amount of information, but the magnitude and direction of 
the air currents and the changes of temperature are not 
necessarily known to us. 

The table on p. 220 shows that the weight ratio of water 
vapour to dry air in saturated air is reduced to one-tenth of 
the surface ratio at about 17,500 feet al)ove sea level, where 
only one thousandth part of the pressure can be due to water 
vapour. Operations on a very vast scale would bo necessary 
to produce any appreciable rainfall with so little water 
material, consequently we may suppose that rainfall in any 
effective sense is limited to the lowest 17,000 feet. Much may 
take place within those limits unobserved at the surface, and 
consequently it behoves those w'ho endeavour to account for 
rainfall to remember the unexplained possibilities of the upper 
air. We are, however, not without hope of getting effective 
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information on the subject. Observations of clouds have 
been made for a long time, and in later limes observations of 
pilot balloons promise fruitful results for the stratum about 
which students of the formation of rainfall ^Yant to know 
most. 

It is much to be wished that we could disentangle the 
pressure records of the surface and sort out the parts due to 
the different portions of the atmosphere, but at present we 
are hardly able to claim much knowledge on that subject in 
a form which can be applied to a single synoptic chart. 

Two other forms of rainfall have also to be noticed, namely 
the orographic rainfall due to the mechanical obstruction of 
elevated land to the passage of a current of air and the rains 
which occur during thunderstorms, due to some instability of 
the atmosphere hardly shown on isobaric charts. 

Much might be added about the relations of cirrus cloud 
and other phenomena usually held to be indicative of an 
approaching depression as distinguished from the individuality 
of its component currents. In many of the suggested 
associations the vast dimensions of a cyclonic depression have 
hardly been realised. The extent of the visible sky is at most 
300 miles, and that distance is often only a part of the width 
of a cyclonic depression. Probably many of the phenomena 
which are regarded as indicative of an approaching cyclone 
belong to the great air current on the southern side. 



CHAPTER X 

THE STRUCTURE OF TRAVELLINQ CYCLONES 

Recent investigations of the details of the phenomena of 
travelling cyclonic depressions in continuation of a line of thought 
similar to that of Chapter IX. have led to generalisations about the 
structure of cyclones which are already recognised as important in 
forecasting. Of these investigations the best known are those of 
the Geophysical Institute of Bergen under the direction of 
Professor V. Bjerknes, in association with which the names of 
J. Bjerknes, H. Solberg, T. Bergeron are especially prominent. 
The developments referred to arose from the close investigation 
of the conditions for rainfall in the south of Norway during the 
war, when the supply of information from other countries neces- 
sary to form an ordinary weather-chart for the purposes of daily 
forecasts was extremely restricted and yet the economic pressure 
resulting from the war made the necessity for trustworthy infor- 
mation as to the probable course of the weather more urgent. 
The plan which was followed was to obtain telegraphic informa- 
tion about wind and rainfall from some hundreds of stations in 
the south of Norway and to study the instantaneous lines of flow 
of air over the surface in relation to the rainfall associated there- 
with. The idea of lines of flow may be understood from Fig. 94 
(p. 257), where the instantaneous lines of flow between regions of 
high pressure and low pressure over the Atlantic are shown by 
the red lines which take the form of double spiral curves. We 
have seen in Chapter IX. that these lines do not represent the 
actual paths of the air from day to day, but they show the field 
of flow at any particular moment. The idea of using them in 
order to form an opinion of the general kinematic structure of the 
atmosphere and to indicate points of convergence and divergence 
for the time being had already been developed by Professor 
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V. Bjerknes and others in two volumes on ‘‘ Dynamic 
Bleteorology and Hydrography,” published by the Carnegie 
Institution of "WaRhington. The first volume (Part I., Statics) is 
dated 1910, and the second volume (Part II., Kinematics, with a 
supplementary volume of plates), 1911. The areas to which the 
method was then a]>plied were large, such as Euro])e and the 
United States, and the scale of the charts was so small in relation 
to the details of rainfall that only general conclusions as to the 
meteorological conscc|uonccs of tlic flow were traceable. The 
application of the same method in much greater detail to the more 
restricted area of southern Norway yielded definite relations 
between the flow of air over the surface and the localities of 
rainfall, particularly of summer tliimderstorms. The primary 
results of the investigation are set out in a lecture by Professor 
Bjerknes before the Royal jVIetcorological Society ^ in 1919. An 
example of the use of the lines of flow for this purpose is given in 
Fig. 127. 

THE REFERENCE TO THE LINE5 OF WARM FRONT 
AND COLD FRONT 

To these conclusions as to local rainfall J. Bjerknes added tlse 
discovery of two lines of discontinuity in wind and temperature 
which, starting from the outside, cross the isobars of a travelling 
cyclone and meet at the centre, and further, these lines of discon- 
tinuity were found to be closely associated \Nitli the distribution 
of rainfall within the area of the cyclone. The discontinuities 
were explained as delineating the ground plan of a complicated 
sheet of discontinuity which separates cold polar air from warm 
equatorial air as already described in Chapter V., and has become 
well known in meteorological literature as the Polar Front. 

The figure which J. Bjerknes put forward as representing the 
division of the cyclone in this way is given as Fig. 60. It is noted 
by Professor V. Bjerknes as being a development of Fig. Ill, 
which presents a diagram representing the constituent parts of a 
cyclonic depression as indicated by the life-history of surface air 
1 “ Q. J. Roy. Met. Soc.,” vol. 46, p. 119, 1920. 




a, Air-jMotion — Lines of flow 
at 2 p.m., Augusfc 3. 


6. Areas of Showers (outlined). 

Areas of Continuous Rain (shaded). 


Fig. 127. — ^Linea of Flow of Air leading up to the Formation of Local 
Showers and Rain in Norway. (“ Q. J. Roy. Met. Soc.,”-vol. 3t)» 
J920, p. 137.) ' 
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currents. An examination of the run of the isothermal lines and 
of the winds on the maps of the previous chapter shows that this 
discovery of the division of well-developed cyclones into two parts 
separated by lines of more or less marked discontinuity of wind, 
temperature and rainfall, gives an effective generalisation of the 
salient features. "We may refer particularly to Fig. 38, the course 
of the isotherm for 15° with the small secondar}^ developed on the 
squall-line ; Fig. 12, the isotherm for 40°, and the rainfall asso- 
ciated therewith ; Fig. 51, the course of the isotherm of 40° again 
and the rainfall ; Fig. 105, the rainfall associated with the steering- 
line (warm front) and the squall-line (cold front) ; Fig. 107, the 
isotherm for 40° and the rainfall ; and Fig. 110, the isotherm for 
42°. These numerous examples show clearly enough that the new 
analysis marks a definite advance in our knowledge of cyclonic 
depressions and enables us to refer the properties of a cyclone at 
the surface to the two lines, the warm front or steering-line drawn 
from the centre to form in its initial stage a tangent to the path of 
the cyclone, and the cold front or squall-line proceeding from the 
centre along the trough of the depression, instead of relating all 
the phenomena of the cyclone somewhat vaguely to the centre. 
The association of the rainfall with the two fronts is particularly 
expressive and effective for the purpose of forecasting. 

THE DEATH AND SUCCESSION OF CYCLONES 

bid since its discovery the doctrine of the polar front has been 
pushed much further. It has been found that the rate of advance 
of the cold front may be so rapid that its demarcation on the 
ground may reach that of the warm front, and thus a portion of 
equatorial air may be completely surrounded at the groimd by 
the colder air of the polar front. When that happens the supply 
of warm air to the central region of the cyclone is cut off and the 
cyclone consequently fills up and expires. At the point of over- 
lapping of the two fronts a new cyclonic centre tends to form first 
as a secondary and finally as having absorbed the energy of its 
own primary. Hence wo find a succession of cyclones generally 
in groups of four, successively further south. They are followed 
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by a now primary cyclonio centre in the far north which goes 
NJirougli tlie same process. A fresh family of cyclones begins. 

The family of the cyclones takes on the average about six 
days to cross a meridian and thus it gives us a six-day period 
of cyclonic weather with subsidiary cyclones between. 

THE ORIGIN OF ATMOSPHERIC VORTICES 

These conclusions in so far as they are an accurate representa- 
tion of the medley of facts which constitute our weather, mu«<t 
obviously be of great importance in forecasting the details of a 
sc^jnence of weather, and the results already formulated have 
proved to be of material assistance for that purpose. 

So far they are empirical generahsations of the facts, just as 
were the conclusions set out by Abercromby and others, for the 
association of weather witli tlie passage of cyclones and for the 
direction and rate of their progress. They are obviously in 
accord with the descriptions of the phenomena exhibited at the 
surface during the passage of cyclonic depressions as described in 
Chapter IX., particularly on p. 275, the association of rain with 
the two lines of discontinuity and their relative positions are 
natural developments of the views therein expressed. The 
question that arises is whether those discontinuities should be 
regarded as more or less peculiar to the lowest layers of the 
atmosphere where we know there can be no balance between 
pressure aud motion and where areas of low pressure must be 
continually invaded by air from outside or as extended upwards 
to the limit of the atmosphere, as defined by the existence of 
clouds. The former view would be a natural consequence of the 
flow of cold air from the high levels of Greenland or the cold 
Asiatic anticyclone in winter, whereas the latter would depend on 
the general properties of the atmosphere and the tendency for 
distribution to take place according to temperature and air- 
motion. Professor Bjerknes is inclined to the second of the two 
alternatives which have been referred to. He has treated the 
discontinuity between cold and warm air as a natural consequence 
of the dynamical conditions of the atmosphere on a rotating globe 
and concludes that it extends from the surface upward throughout 
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the regioE in which the phenomena of cloud and rainfall are 
experienced ; that the phenomena of the cyclonic depressions of 
middle latitudes begin with convolutions of the surface of discon- 
tinuity due to the instability of adjacent Avarm and cold air in 
relative motion, and that the travel of the associated phenomena 
can be represented as the consequence of wave-motion along the 
front which is a natural dynamical result of a surface of discon- 
tinuity in a fluid-medium with difference of flow on the two sides. 
At sea-level they appear as collections of approximately circular 
isobars because the surface of discontinuity is not vertical but 
tends toAA^ards parallelism AA'ith the polar axis or even less inclined 
to the surface than this line. 

The general dynamical theory may also be applied to account 
for the more general phenomena of the thermal structure of the 
atmosphere and the general circulation.^ 

If these conclusions are Avell founded the idea of vortices or 
whirls of revolving air with axes more or less vertical, which has 
held the field for some sixty years, must be greatly modified, and 
perhaps regarded as ap^flicable only to the final stage of the life- 
history of the cyclone Avhen its supply of equatorial air has been 
cut off by the overlap of the cold front over the warm front. 
From the time of the early telegraphic synoptic charts, the 
cyclones of middle latitudes w’ere regarded as of the same nature 
as the tropical revolving storms which had from the first been 
regarded as examines of A^’ortices of revolving air. We are noAV 
invited to modify that vieAv and to look to the development of the 
theory of wave-motion at the mutual boAindary of two discon- 
tinuous fluid-media to supply its place. 

THE EVICTION OF AIR 

In face of the discontinuities which are apparent at the surface 
and to which attention has been called in the examples quoted 
in Chapter IX. that conclusion need not cause much surprise. 
It obviously challenges the question of the evidence for the 

^ See V. Bjerknes, “ On the Dynamics of the Circular Vortex with Applica- 
tions to the Atmosphere and Atmospheric Vortex and Wave Motions'’ 
(*' Geofysiske Publikationer.” vol. 2, No. 4, Kristionia. 1921). 
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existence of columns of air travelling as sojiaratc dynamical 
entities. Lt is curious that while the Norwegian meteorologists 
have been developing ideas about cyclones which tend to show 
that the evidence for the existence of any such entities is untrust- 
worthy. there has been acciiniulating, on the other hand, a certain 
amount oF evidence which tends in the other direction. In 1917 
the late Lord Rcay](5ig]i ^ reviewed tlie tlieoryof revolving fluid in 
the atmosphere and show’od that, ])rovided that there were 
already some vorticity in the atmosphere, all tliat was necessary 
in order to develo]) a vortex in the sense in which it has been 
generally understood was the removal of air from the region 
v’liich would form the core of the resulting vortex, and more 
re(‘eiitly D. Brmit ^ lias shown that the rotation of the earth itself 
causes sullicieut vorticity for the purpose. The primary difticiilty 
was that weather nia])s showed little actual sign of the distribution 
of ])ressure, temperature and wind which the existence of sucli 
vortices would iinj)ly. 


CYCLONIC CENTRES IN THE GENERAL ATMOSPHERIC 
VORTEX 


But there are two reasons for tliat omission wliicJi arc obvious 
enough when they are stated, but wliich were certainly iiot at the 
time in the minds of students of wxathcr maps. The first reason 
is that a vortex formed in the manner ])ostula ted by Lord Rayleigh 
cannot bo regarded as being developed in a (luiescont atmosphere ; 
it will be formed in some air-current which may bo the current of 
some great cyclonic circulation or in the general circulation of the 
atmosphere itself, which, northward of the troj)ical anticyclones 
of the northern hemisphere, forms a greatcirciiin])olar whirl and 
southward of the great anticyclones a[)p(‘ars as a belt of air, not 
far short, at any rate, of one-half of the atmos|)herc moving from 
the east round the equator. Below latitude 5(f the westerly 
circumpolar circulation is found more or less intermittently at the 
surface ; further north it may not ap])caT at the surface, but is 
found at levels above two or three kilometres. If a vortex is 
formed in one or other of those great planetary or cyclonic currents 


1 “ Proc. Roy. Soc. A./‘ vol. 93, p. 148, 1917. 

” v«l OQ « afl7 



THE STRUCTURE OF TRAVELLING CYCLOXE^i r,17 


it must be carried along with the current and its progression may 
be regarded as conditioned by the current in which it is formed. 
We thus get a conception of a main current uliich determines tlic 
travel of vortices in place of the composite wave-motion which the 
new theory suggests. When we look for the evidence of such 
vortices at the surface we must remember that the distribution 
of pressure and wind must be that of the combination of the 
vortex and the current which carries it. The result of the com- 
bination is not a series of circular isobars with uniform distrilniLion 
of wnnds, but a curious assemblage of curves that has two ])oiiits 
of no gradient of pressure and two points of no wind. One of each 
pair of points is near the centre, not quite coincident, and the other 
pair is on the north side of a vox-tex in a westerly current, and 
again the two points are not coincident. Hence, a somewhat com- 
plicated figure of pressure and winds results, which can, however, 
be analysed into two separate systems of rotation and translation. 

The analysis of actual maps in this sense is not generally easy 
because we have no satisfactory estimate of the current in which 
the vortex may be existing. But we have some evidence in 
favour of the view. For example, the travel of tropical revolving 
storms is at the rate of about 10 miles per hour, not much 
different from the normal wind of the localities whore they are 
formed. They circumnavigate the tropical regions of high 
pressure much in the same way as we suppose an air current 
would. For our own latitudes Mr. Silvester has taken out from 
the chai’ts of the Monthly Weather Report the average rates of 
travel of those cyclonic depressions which followed the more 
regular or more frequent paths, that is to say, the tracks of 
depressions which moved westward were disregarded. The results 
are as follows : — 


Kates of Travel of Cyclones in Miles fer Hour. 


January , 

Kaugo. 

. 0—80 

Alcan. 

25 

December . 

Kango. Mean. 
. 5— «il 26 

February . 

. 5-63 

23 

November. 

. 3—77 

23 

March 

. 5—65 

22 

October 

. 4—62 

24 

April 

. 4—82 

23 

September 

. 5—50 

21 

May 

. 4r— 67 

18 

August 

. 3—72 

20 

Juus 

. 3-00 

20 

July 

. 4—64 

21 
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Mr. SilvestcT remarks that these rates of travel are much faster 
than the mean velocity of the air-drift computed from the mean 
isobars of the surface, which is 15 miles per hour in December and 
only 2 miles per hour in May ; the difference would be greatly 
modified if the omitted tracks were brought into account. 

The case is somewhat different for the upper air. The velocity 
of the air current which corresponds with the normal distribution 
of pressure at 4,000 metres according to the charts of Teisserenc 
de Rort is 20 miles per hour for January and 14 miles per hour 
lor July, and these values take account of such abnormalities as 
are related to the tracks omitted by Mr. Silvester. A reduction 
of 20 per cent, from the observed velocities on that account 
would bring the values down to 20 and 16 miles per hour. 

Moreover, sometimes one can identify the phenomena as those 
of a circular vortex travelling in the main current of a great 
cyclonic circulation ; the example of the small secondary of 
March 21, 1895 (Fig. 38), is a case in point, also that of the tornado 
of October 27, 1913, described in “ Geophysical Memoir,” No. 11, 
(M.O. 220a) (Fig. 179). The map for January 8, 1922, shows 
another example when the peculiar figure suggested in the preced- 
ing paragraphs is realised and the possibility of analysis is therefore 
obvious. See Manual of Meteorology,” Part IV. Cambridge 
University Press, 1919. 

THE FLOW OF AIR TO THE INTERIOR OF CYCLONES 

The second reason why vortices cannot easily be recognised on 
a map is that a vortex requires for the protection of the low pres- 
sure of its interior a certain velocity of circulation in the air which 
surrounds its core. It is impossible to maintain that velocity in 
the upper air and at the ground at the same time because the 
friction of the air moving over the ground transforms part of the 
energy of its motion into irregular eddies and the effective or 
equivalent velocity is therefore reduced at the ground. Hence, 
either the air is moving too fast up above or too slow at the ground 
for the balance which is necessary to preserve the core. If the 
first of the two alternatives happened, the vortex would expand 
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and its velocity would be reduced, so it is the second alternative 
winch we have to face sooner or later ; the velocity at the bottom 
is not enough to keep the air out, and consequently the core is 
invaded by the inward flow of air at the bottom. The bottom 
layer is of a very composite character and consists of air with much 
eddying motion. Consequently the flow along the bottom, which 
is in fact very similar to and easily mistaken for the flow wdiioh 
is set up when the core is first removed and the vortex formed, 
introduces some very heterogeneous material into the interior of 
the organism and has important secondary effects. It may cause 
the vortex gradually to fill up, and, on the other hand, it may set 
up local convection which adds to the vortical energy and may 
thus be the means of saving the cyclone from decay. It is at or 
near the ground that any such effects will first be felt, and 
consequently the ground layer of what is a regular vortex up 
above is liable to show very irregular structure. 

SYMMETRY IN THE UPPER AIR 

Hence the want of symmetry which we find at the surface may 
be only a source of strength and permanence. For the regions 
up above we have some evidence of symmetry which certainly 
does not exist in the surface-layers. Mr. W. II. Dines has found 
very high coefiicients of correlation *8 to -9 for the relation between 
changes of temperature and changes of pressure taken haphazard 
at levels between 3 and 8 kilometres, whereas there is no correla- 
tion at the surface and the correlation is negative above 10 kilo- 
metres. The conclusion from these facts ^rimd facie is that 
temperature is symmetrically distributed with respect to centres 
of low pressure in the r^ion between 3 and 8 kilometres where 
we may expect the air-currents of the general circulation to be 
freed from the irregular disturbances of lower levels. 

THE ENERGY OF VORTICES 

Dr. Fujiwhara has shown ^ that when a vortex has become 
symmetrical it necessarily decays and that some differentiation 
I “ Q. J. Roy Met. Soc.,” vol. 47, p. 287, 1921. 
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from symmetry is necessary for its continued existence. He has 
furtlier shown that vortical motion is a general law of the whole 
atmosphere. It contains imperfect vortices of all sizes from the 
infinitesimal scale which causes ordinary viscosity, to the gigantic 
scale of the circumpolar circulation ; we may even go beyond that 
to tlie vortical arrangement of the solar system and of the spiral 
nebulae. Local irregularities mean local vortical energy which in 
favourable circumstances can be taken into the energy of existing 
vortices of the next larger degree. So any local disturbance 
resulting in a want of symmetry in a cyclone may help to feed 
the energy of the vortex. On the other hand, a great vortex may 
di^^i])ate itself by developing a series of secondaries or vortices of 
the next lower degree. 

The initial step in the process of the addition of energy may be 
the removal ot part of The central portion, which produces rainfall. 
In that way Lord Eayleigh’s requirements for the development of 
cyclonic motion would be satisfied. We can understand that 
local convection may occur under various circumstances of 
instability, and whenever it does occur rainfall is generally the 
direct consequence ; the removal of air by the eddy-friction 
between the rising air and its environment, which elsewhere we 
have called eviction.^ is a secondary effect which results in an 
increase of the v'^ergy of the cyclone. 

It will easily 1 ,3 understood that this is not the only form of 
convection or elevation of air which produces rainfall. The fact 
that the central regions of a cyclone are ineffectually guarded at 
the bottom on account of the lack of velocity implies that air is 
always accumulating at the bottom and lifting the upper layer. 
The eficct of such an accumulation cannot be very different from 
what is represented as the sliding upward of the warm front over 
the polar air in Fig. 60. 

The question remains as to T\liat is the process of removal of 
air which Lord Rayleigh’s theory assumes. We have suggested 
the penetrative convection of rising air as the origin of the process, 
not the automatic rising of a coherent mass, hut the scouring action 
^ “ The Air and its U’ajs.’’ Cambridge University Press, 1923 
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Fig. 128. — Depression wliicli developed and filled up wii 
moving. 
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of whatever penetrative convection may happen to take place. 
For the mode of operation we have suggested eviction ; hut the 
disposal of the air which reaches the top of the vortex has still to 
be accounted for. AVe have, at the same time, to seek a cause 
for the developineiit of local areas of high pressure and the 
maintenance of the great permanent anticyclones of the globe. 
That may be a possible destination of the air which has been 
removed, but it is only fair to say that we have as yet no direct 
evidence for it. On the other hand, we have some direct eridence 
of the formation of cyclones in sitn and their filling up without 
any travel and by no other apparent process than the removal of 
air folloTNing the convection of local rainfall and the filling up of 
the vortex by the creeping inwards of air at the bottom. 

We give two instances, the first the cyclone of August 3, 1917, 
in the North Sea (Fig. 128). The amoiuit of air removed in that 
case is 70.000 million tons ; and the second is that of October 
10 to 15, 1021 (Fig. ]29),in the Atlantic between the Azores and 
Madeira, when the amount of air removed was 190.000 million 
tons. 

There is thus still something to be said for the idea of a vortex 
carried in the current of a larger circulation as representing the 
kinematical conditions of tropical revolving storms and of some 
at least of the cyclonic depressions of middle latitudes. There is 
still opportunity for further investigations both on these lines and 
on the lines of the theorv of the polar front. As with all novel 
and striking theories, with the latter fresh in our minds we are 
naturally disposed to find illustrations of it vdthout coni^idering 
whether they are compatible with an alternative e.xplanation. 
Any discontinuity is at once assumed to be an effective example 
and to be the local representation of the one great discontinuity. 
The actual situation appears to be that by making more or less 
plausible assumptions the general character of the phenomena of 
cyclones can be represented mathematically as originating in 
wave-motions in two media of different density separated by a 
discontinuit}', and the pole is a suggestive source of such discon- 
tinuity. It is, however, not the only one. The northern slopes 
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of the Asiatic Continent are an effective substitute for the pole, 
both in winter and in summer. Tlie mere unexpectedness of the 
theory tends to make it obscure the more obvious lines of explana- 
tion of the phenomena as a complication of vortices ; and, more- 
over, since wave-motion in a travelling medium is circular motion 
combined with translation, and vortical motion in an air-current 
can be generally described in the same words, it is not altogether 
clear that the distinction is so fundamental as it would appear to 
be to those who are unfamiliar with complex dynamical systems. 

THE DISCONTINUITIES AND UBIQUITY OF VORTICAL 
SYSTEMS 

It is apparent that if the idea of the atmosphere being full of 
imperfect and unsymmetrical vortices of all sizes — all tending, as 
Dr. Fujiwhara would say, towards symmetry with resj)ecfc to a 
vertical axis — is to be regarded as correct, we ought to be able 
ultimately to analyse our weather maps into a combination of 
vortices. The task is certainly beyond our power at present, 
because at the outset we do not know what to take for tliu original 
current in which the temporary vortices are formed ; but the 
inquiry need not be entirely unproductive. The maps of the 
following dates seem to invito an attempt at analysis : 1 921), 
July 17, 23; Augu.it 19—23; September 21; December 2; 
1921, January 5, 7, 8, 9. January 8 has already been adduced 
in illustration. »Such an analysis is an attractive pi’oblem for the 
student of weather maps. And in any case many meteorologists 
of experience will feel impelled to seek some avenue of escape 
from the diagram which Professor Bjerknes puts forward as 
representing the general circulation of the atmosphere. It 
contains two features, which to many of us seem impossible, even 
on a globe without continents or coastlines ; one is a general and 
uniform flow of air all round the globe from the trof)ics to the 
equator, which would result in velocities far exceeding anything 
that is known to exist, and the other is the rejjresentation of 
descending and ascending currents comparable with the flow of the 
trade-winds which would give quantities of rainfall unheard of 
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in any ]jart of the globe, and antiovolonic regions consisting of air 
in a condition of labile equilibrhim \\liich those ine1cor& ne\er 
possess. 

However that may be, the analysis which Professor Bjerknes 
has given in the paper referred to of the formation of waves by 
relative motion at a surface of discontinuity and the degeneration 
of waves into vortices is a most valuable contribution to the study 
of the properties of the atmosphere. In makins Ins applications 
he has had regard to certain special exam]ilos of discontinuity, 
namely those betw’eeii equatorial and polar air. But it wo regard 
the stability of the atmosphere as conditioned by the run of the 
surfaces of equal potential temperature we must accept the 
conclusion that the atmosphere is full of approximations to 
discontinuity, and processes, similar to those which give rise to 
waves and vortices in the polar front, are more or less ubiquitous 
and fill the air with waves and vortices, as Dr, Fujiwhara 
suggests. 



CHAPTER XI 


THE MINOR FLUCTUATIONS OF PRESSURE— LINE 
SQUALLS AND LIQNES DE GRAIN 

Tub reader’s attention will next be asked for the considera- 
tion of the further development of the investigation which 
began with the life history of surface air currents and the 
relation of barometric gradient to wind force. The investiga- 
tion has been continued in the Meteorological Office as 
opportunity offered. The results have been given partly in 
lectures or in papers before scientific societies, which include a 
paper on “The Line Squall of February 8, 1906,’' by Mr. E. 
G. K. Lempfert,^ who w^as my personal assistant at the Ofi&ce 
when the work began, and one on “ Line Squalls and Associated 
Phenomena/’ by ^Ir. Lein])feit with Mr. R. Corless, who occupied 
that position from 1907 until 1915. 

We saw in Chapter IX. that some of the most striking pheno- 
mena of westerly weather are directly related to ('hangc.s of 
jjressure sliowm on the barogram as slight deviations from 
the regular march of the trace. We have attributed the 
changes to a flood of a different kind of air coming from some 
point to the westward or northward of the direction of the 
original current and sweeping across the country. The 
characteristic features are a sudden veer of wind, slight rise 
of pressure, marked fall of temperature, and a shower of rain 
more or less prolonged ; sometimes there is a recurrence of 
these events. In the particular case quoted the wind dropped 
with the veer, and that is characteristic of many cases. There 
is a corresponding change in the distance apart of the isobars 
if due attention be paid to the small changes to be noted 
on the barogram, and a possible explanation has thus been 

‘ “ Quarterly Journal, Roy. Met. Soc.,” vol. 32, p. 259, 1900, and vol. 30, 
p. 185, 1910. » r . 
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found of the common saying that ‘*iti "svill not rain until the 
wind drops.** 

This furnishes an example of the importance as I’egards 
weather of the minor fluctuations of atmospheric i')rcssure. 
It may also be regarded as an example of the want of numerical 
proportionality between the changes of the associated meteoro- 
logical elements, for the effects associated with a minute change 
of pressure are sometimes more striking than those accompany- 
ing a great surge. An examination of the various fluctuations 
of pressure which are disclosed by a sensitive barograph was 
given in a lecture on “ The Embroidery of the Barogram ” at 
the Roj’al Institution on January 17, 1907.^ 

GENERAL CHARACTERISTICS OF A LINE SQUALL 
A course of events of the kind indicated is quite common 
in westerly weather, but the sudden transition is not always 
characterised by a simple lull in the wdud. The sweeping of 
the new and cold air current across the country with a line 
fi*ont is sometimes attended by a violent squall of wind at the 
moment of transition, sometimes l)y thunder and lightning 
and other indications of atmospheric instability. The 
phenomena are recognised in this form by the special namo 
of “line squall,*’ which may be understood to mean a squall 
of wind with rain, hail or snow, and possibly thunder and 
lightning, advancing across the country with a linear front so 
that a long narrow strip or ribbon of country, on the analogy of 
the French nthai^, is affected at the same time. The namo is 
adopted from the seaman’s name for a squall that comes up 'with a 
line of cloud extending across the sky and also athwart the wind. 
The phenomena have probably a similar origin. In the collection 
of sketches at the Meteorological Office is a drawing by Mr. G-. A. 
Clarke, of Aberdeen Observatory, showing a narrow band of cloud 
passing right across the sky on November 27, 1909, that can be 
associated with a sudden change of 'wind which occurred simulta- 
neously.2 Each line-squall has its own definite rate of advance, 

1 Sec Shaw and Dines on Uio Minor Fluctuations of Atmospheric Pressure, 

Quartcily Journal, Roy Met iSoc.,” vol. 31, p. 39, 1005. 

2 See Gr. A. Clarke, Clouds,” p. 127. 
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from twenty to fifty miles per hour, and the advance is maintained 
over distances sometimes as great as 1,000 miles. 

The idea of a la}'er of cold air advancing by displacing warmer 
air ill front of it comes into the picture of the conflict of warm and 
cold air wliich form the basis of the working hypothesis of the 
polar front which we have described in Chapter V. and referred 
to again in Chapter X. According to the .scheme of the polar 
front the phenomena of the line-squall arc incidental to the 
encroachment of the cold front on the warm sector. The reader 
will have little difficulty in reading the language of the theory of 
the ])olar front into this cliaj^ter. 

“EURYDICE” SQUALL 

Line squalls are peculiarly destructive, partly on account of 
their violence, partly on account of the suddenness of their 
onset, and also because of the veer of wind. One of the best 
known examples is that which capsized H.M. training ship 
Eimjdice off the Isle of Wight on IMarch 24, 1878. In that case 
a line front of advancing cold air swept across the country 
from north-west to south-east ; and in the south and east of 
England, during the etirly afternoon, a brilliant sunny clay was 
suddenly transformed into wintry weather introduced by a 
bitter snow squall. The Evrj/dice was caught unawares with 
ports open and sank within sight of shore. 

The changes shown by the self-recording instruments on this 
occasion arc represented in tlie frontispiece (Fig. 130), which 
is reproduced from the ‘'Quarterly Weather Report” of the 
Meteorological Office. The most noticeable feature is the great 
fall of temperature recorded at Kew which occurred at 4 p.m., 
and the same feature is noticeable at the other observatories 
at different times. The occurrence was the subject of papers 
by the Rev. Clement Ley and the Hou. R. Abercromby in the 
“Quarterly Journal of the Meteorological Society." It is 
curious that the advance of the squall line across the country 
from north-west to south-east is almost identical in point of 
time of day and relative position with the squall of February 8, 
1906, wliich formed the subject of Mr. Lempfert’s paper read 
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before the Royal Meteorological Society in that }ear. Subse- 
quent mvestigatioii lias sho^^n that in the latter case the pheno- 
menon, preserving its form, passed beyond the limits of the 
British Isles and showed itself quite prominently at the 
Observatory of the Puy-de-Dome. 

LINE SQUALL OF FEBRUARY 8, 1906 

This example will serve as a typical line squall. It enables 
UB to give a satisfactory indication of the general character 
of the phenomena. Fig. 181 shows the pressure distribution at 
1 p.m., 2 p.in. and 8 p.m. with the isobars adjusted so as to 
indicate the changes recorded on the barograms and aiiemo- 
grams. It will be noticed that another squall of less pro- 
nounced t 3 ^pe but of similar character is shown, on two of the 
charts, to be following the original squall. This characteristic 
also applies to the example of sudden lull described in Chapter 
IX., and may be said to be general. Wliether a recovery of 
the initial conditions and a restitution of the original air 
supply takes place, or w^hetlier we have to deal with successive 
changes always of the same character, but coming from 
directions successively more veered towards northward, is at 
present doubtful. 

Fig. 132 shows the records of the i^honomena at a single 
station ; those at Eew are here represented. It will be seen 
that the barometer change was very marked and that the 
change was accompanied by simultaneous changes in all the 
other elements recorded. 

Fig. 138 gives the isochronous lines at successive hours for 
the first squall. It shows how the flood of cold aii* swept 
across the country in this case, as in that of the Eiinjdice 
squall, from north-west to south-east. These lines have 
been derived from hourly maps, each of which shows the 
position of the squall line as represenied by the sudden 
changes of pressure shown in Fig. 181. When first recog- 
nised the line passed through Stornoway and lay from south- 
west to north-east. It advanced nearly parallel to itself 
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Line Squall of Kebru.ii v 8, 1000. 



Pig. 131. — Chart** of Isobars fori p.m., 2 p.m., aud 3 p.m. on PebruaiT 8, 
1906, showing the positions of the Primary and Secondary Line 
Squalls at those hours. 
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RECORDS OF THE LINE SQUALL OF FEBRUARY S’’” 1906 


KEW OBSERVATORY. 
PftEssoRE - sudden rise ufWmch 



Pia. 132. 
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Line Siiuall o£ Ifebruary 8, 190G. 



Fig. 133. — laochronous LinoH the Travel of tli(' Front of the Line 

Squall from the Uebridos to Central France. 

The region of thunderstorms in England is marked off by a dotted line 
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for 1,000 miles. characteristic suiUleii rise of pressure 
is even more clearly marked at the Observaiorv of the 
Puy-de-P6me iban at Kew.^ On the original i liarts the 
symbols indicating the weather experienced at dijferent; parts 
of the country show that there is considerable variation 
of intensity of the phenomena along the line of front. 
Where the intensity was greatest thunderstorms were experi- 
enced. They are indicated in Fig. 133 by the symbol K 
and shown to be mostly coiiiined to the Midland and 
South-Eastern countie*?. 

LINE SQUALL OF OCTOBER 14, 1909 

Another very well developed example of a line squall is that 
of October 11, off the East Scottish coast, to which 

attention was directed by Adiiiiial l)aiii]>ier. ol H.M.S. Dcfince, 
who de>cribed the diamatic wav in at 9.30 p.m. the 

squall put ail end to an enicitainmeut tIuit was in progress 
on hi*? bhip by carr\ing aw.iy the a^^nings and other gear. 
Figs. 134\ and 134n represent tlic isoliars and show the posi- 
tion ol the squall front at d p.in. and 9 p.m., and Fig. 135 
shows the isochronous linos tor successive liours. This 
example, which was w'orked out In Mr. E. Corleys, of the 
Meteorological Office, is specially interesting as showing tho 
southern boundary between squall and no squall, ^^hich we 
must take provisionally to be the boundary of the flood of 
colder air. From this boundar), which crossed England at 
about the latitude of Holyhead, the intensity of the squall 
increased, and apparently it reached its maximum in the 
middle zone of Scotland from Paisley to Dundee. 

ASCENT AND DESCENT OF AIR AT THE SQUALL FRONT 

We regard tho phenomena of a line squall as due to the 
sweeping over the country of a flood of colder and therefore 
denser air which gradually replaces the warmer current and 
substitutes for it a new current from a different direction with 
‘ See “Quaiterly Journal, Roy. Mot Soc yol 30, 1910, p. 136, 
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line Squall. 1909. October 14, 0 p.m. 



Fna. lolA. — Chari of IsoboTs and Winds showing the Pusitiuii oi the Line 
Sqoall at 6 p.nu 
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Tine Skjuxll 1 1, ^ mi. 



FiQ 134b. — Chart of iBoboxa and Winds showing tho Position of tho Lino 
Squall at 9 p.m. 
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Line Squall. 1909, October 14 — 15. 



Fig, 185. — Isochronous Lines showing the Travel of the Front of the 

Line Squall. 

The 7-Bhaped figures at the several stations show by the direction and 
length of the component lines of each figure the sudden change in 
direction and velocity of the wind at the passage of the squall. 
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a different system of pressure distribution. At the line 
of the squall the transition is sudden. The i-jlienomeua 
recall those of the advance of a bore up a tidal river, 
\\’hich would give in like manner a sudden increase of 
pressure upon a recording pressure-gauge if we may imagine 
it to be placed at the bottom of the river. In the 
case of the line squall the bore ’* sweeps across the 
stream from one side and does not face it as a tidal bore 
does, but the sudden and permanent increase of pressure 
produced in either case (see Fig. 132) is very suggestive of 
analogy of cause. We may thus provisionally suppose that 
the sudden increase of pressure shown on the barogram is due 
to a sudden replacement of lighter air by denser air, at least 
for a certain thickness. We might compute the thickness if 
we knew the vertical distribucion of temperature and humidity 
in the two kinds of air. Some attempts at computation of 
thickness in this manner were made for “ The Life History.” 
They are necessarily speculative, because our knowledge of 
the temperatures and humidities is not adequate. 

The rate of advance of the line of the squall is apparently 
a little greater than the surface velocity of the colder air 
system, but not much greater. It is less than the gradient 
velocity in that system.^ and may therefore be regarded as 
intermediate beUveen the velocity of the wind at the surface 
and in the upper air of the new current s} siein. The direction 
of motion of the line agrees very nearly with that of the wind 
in the ne^Y system, or, ao w^e may call it, the following ^Yind, 
The occurrence of rain at or about the time of passage of the 
line, which brings the line ^qiulls into close analogy with 
the rain lines referred to in Chapter IX. shows that there is 
ascending air, and the ascent may bo ascribed to the cold air 
pushing its way under the Avarmer current. Since wo are 
dealing with two streams in different directions which are 
contiguous along a great length, we may consider the motion 
in a vertical cross-section independently of that along the 

1 Lempfert & Corleaa, Quarterly Journal, Roy. Met. Soc.,” vol. 36, 1910, 
p« 155. 

F.W. 
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line of junction. In the front of ll)e line there is a large 
component parallel to the line ; in the rear the motion 
is practically perpendicular to the line, and there is no 
component iwallel to the line. The components of the two 
systems perpendicular to the line are apparently equal. 

Dealing, then, only with the components perpendicular to the 
line, we get a state of affairs as represented in Fig. 136. 
L is the position of the sudden change associated with the 
squall line. The surface air in the front is warm and has a 
velocity v across the squall line ; it is combined, as we have 
already pointed out, with a velocity along the line which is 
not represented at all in the diagram. The surface air in the 



rear 

front 

Upper air — . 

u 

u 



cold 


ivarm 


\' ^ 

L __ 
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Surface 

blue sky 

rain 

fair iveather 


Fie. 130. — Diagram of the Distribution of Temperature, Wind A'elocity, 
and Weather in the Vertical Section across the Front of a Line 
Squall. 

rear is cold ; it has a velocity also v. Above the front and 
rear at, say, a height of 1,500 feet, the component of the 
velocity may be taken as it, and this velocity is, perhaps, 
twice the surface velocity r. There is fair weather in front, 
blue sky in the rear, and rain, perhaps thunder and lightning, 
at the junction L. These phenomena travel faster than 
the following wind and thus gain upon the component wind 
in front, so that L must be supposed to move across the 
page and increase the rear at the expense of the front. This 
could he accounted for by the velocity of the cold air in the 
upper regions being greater than at the surface, so that in 
time the surface junction L would be left far behind unless 
L were pushed forward in front, so to speak, of its own 
following wind by air descending from above. 

Since the velocities in the steady conditions on either side 
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of the line are equal, let us consider the way in which the’ 
squall gains on the wind in the front and leaves it behind m 
the rear. Assuming for the sake of simplicity that the line 
moves with a velocity which is half-way between the surface 
and the gradient velocity, i.e., I (u + v), it will gain on the 
surface winds at the rate of ^ (u — v), so we may picture to 
ourselves the squall as marching ‘‘ through the air ** at 
the rate of i (it — r), ?.e., gaining at chat rate on the front 
wind and leaving the rear wind behind it, the intervening 
space being filled with air drawn from the cold rear supply. 
The descending rear air cutting under will push 
up the warm air of the front, and we shall thus 
have an ascending current in the immediate 
front and a descending current in the imme- 
diate rear. 

The advance of the cold front, through the 
warm front before it, by the agency of the 
descent of cold air along the front may he 
illustrated by another diagram (Fig. 137) in 
which we deal with the relative motion only. 

If AB is the position of the front at any time 
the air at B is moving with the velocity {u — v) 
and therefore gaining 2 (w — upon the front. 

If the velocities are in miles per hour, the sur- 
face of separation between w^arm and cold air at B would have 
moved forward to C through {it — v) miles ; the air at A has 
no relative velocity, consequently, if left to itself, the motion 
would give rise to a new front AC, but if the air falls down 
the line of the front as the upper air moves forward so that rhe 
air which would be enough to fill the space B'MC actually finds 
itself in AMA', the air will all have been disposed of and the front 
will be parallel to its original direction and will have advanced 
in the hour through BB' or with a velocity of \{u -- -y). Clearly 
conditions must be fortunately adjusted in order that this uniform 
progression of a front may be persistent. The air must fall at 
such a rate as to take one-half of the velocity from tho air at the 


A A‘ 

Fig. 137. — The 
Advance of a 
Cold Front as a 
Falling Wave. 
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top and traubici it to tho ground at tliG front. To a certain 
extent the conditions ufljusl themselves, for if the air at 0 moved 
too fast, the fall of tho cold air would become more extensive and 
the front would be made to travel faster. But if the flow of air 
at B or at A lacks uniformity, the regularity of the motion will be 
deranged. Such derangement may j)erliaj3S be connected witli 
the recrudescence which is so common a feature of the phenomena 
of line-squalls. 

The flow of air in this manner has been illustrated experi- 
mentally and disemssed theoretically by W. Schmidt ^ who gives 
(Fig. 138) the form of a growing layer of nearly uniform thickness 

with a well-marked head 
in front as representing 
the march of a dense fluid 
along the bottom layers 
of a lighter fluid through 
an aperture of uniform 
height at one end. The 
analogy with nature in the 
line-squall is very close, 
including tho sudden rise 
and slight rela])se of pressure. AVhat remains to he thought 
about is how the original aperture of march is controlled ; in 
other words, how far upward docs the discontinuity of density 
extend ? 

The state of things may be represented as in the diagram 
of Fig. 139, where the line L with its rain and other pbenomena 
is supposed to advance through the atmoajjhrte at the rate of 
— the warm current being constantly diminished as 
the cold current is increased. 

Perhaps we may explain the situation more clearly by con- 
sidering what would happen in the case of a balloon floating 
near the surface in the front of the advancing line (Fig. 139). 
The successive positions of the balloon are indicated by the 
figures 1, 2, 3, 4, 5. At 1 it floats without disturbance in what we 

i " Meteotologuche Zeitschrift/* vol. 28, p. 855, 1911. 



138. — The Advance of a throat 
of Heavy AVator. (Schmidt.) 
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may call the south- westerly current ; the line advances obliquely ' 
across the current, and begins to be operative when the situa- 
tion 2 is reached. The balloon is then pushed bodily upwards 
with the warm air by the cold current underneath, and reaches 
the position 3. Since the ascendmg air is cooled, rain, 
possibly hail or snow, is formed, and the balloon, carrying the 
extra weight, makes a descent through the boundary between 
the tvarm and cold currents, arriving at position 4. It is then 



Fig. Illustrating the Motion of Air in the Vcilical Section across 
tho Front of a Line Squall. 

hurried downward with the descending air, but falling further 
from the boundary it gets gradually into the steady region of 
the new air, and ultimately bakes up its position at 5, in what 
we may c«all tlie westerly current. 

It need scarcely be remarked that so simple a course is not 
likely to be realised in practice, be(‘ause the indirect efiecta of the 
instability ^Yhich occurs at the boundary may be very much 
complicated by irregular movements, but the suggested course 
tallies with all the observed ruetoorological conditions which 
are found at the transition, the sudden rise of pressure, the 
fall of temperature, the rain or other form of precipitaiion, 
the change of wind. The one point that has not been 
accounted for is the isolated violent squall that gives the 
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l INE SQUALL (THUNDER STORM) 


AUGUST 2 laoe. 



Pia. 140. — -Secords of Pressure, Temperature, Wind and Kainfall for tlio 
Thunderstorm of August 2 , 1906. 
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name bo the phenomena, and is sometimes very destructive. ' 
In connection with this it will be seen that in the line of the 
squall the isobars drawn in accordance with tlie barograph traces 
are very much contorted, so much so that in the charts they are 
shown as having finite angles. One isobar is therefore brought 
into close juxtaposition with the next at one point, and the 
points of close juxtaposition lie along the squall line. It is 
probable that under this unusual stress the dynamical system 
breaks down, and the air gives w ay under the sudden differ- 
ences of pressures and an impulsive flow is thereby produced. 

It will be seen that the air motion suggested in Fig. 139 
would give w’hat is mathematically equivalent to “circulation'* 
about a horizontal axis. The phenomena of the squall have 
often been ascribed to a vortex with a horizontal axis, but the 
name is liable to convey a wrong impression. There is no 
whirl such as is ordinarily understood by a vortex. The air 
which goes up does not come down again, and the air which 
comes dowm does nob go up again. There are two sheets of 
different air, one going up and the other coming dowm, and 
they pass one another, but there is nothing that can fairly be 
called an axis of rotation such as that ])ossessed by a vortex. 
There will certainly be the usual vortex mth a horizontal axis 
near the ground in consequence of the friction of the ground. 
Hence the actual motion is uncommonly complicated. 


THUNDERSTORM OF AUGUST a, 1906 

Among other examples of line squalls or allied phenomena 
which have been investigated for the Meteorological Office by 
Mr. Lempfert we may mention the thunderstorms of 
August 2, 1906, whicli were very violent near to Guildford 
in Surrey, and elsewhere, and were associated with the spread- 
ing out of a layer of cold air from south-west to nortli-east, super- 
vening upon very hot weather. The meteorological changes at 
Kew or London are represented in Fig. 140. The squall fronts 
on this occasion moved across the country from W.S.W. to 
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‘E.N.E. Mr. Lempferti has worked out in detail the isobars for 
the neighbourhood of London. He has drawn them for 
intervals of ’01 inch, and the result is represented in the paper 
before the Royal Meteorological Society.^ These are somewhat 
different in shape from those of a typical line squall. They 
show clearly some local circulation which is at least not 
noticeable in other cases. The difference between the two is 
apparently a matter of local conditions. 


SQUALLS OF FEBRUARY 19-20, 1907 

For the occasion of February 19 — 20, 1907, which has 
already been referred to in another connection (see Fig. 15\ 
Mr. Lempferfc has also worked out the sudden changes of the 
trough line, and has shown that a line squall of the regular 
type crossed this country on that occasion. Upon jmssing across 
to Germany it developed into a series of isobars running parallel 
to each other with a line of great gradient of temperature 
crossing the isobars of 28‘8 inches to 29“2 inches very obliquely 
In the region of great temperature-gradient, thunderstorms 
were developed. 

THE TROUGH LINE OF CYCLONIC OEPRE 55 IONS 

There is some ground for thinking that these squall fronts, 
representing the advancing boundary of a new air supply, 
extend to the centre of a depression, and they are often 
indicated upon synoptic charts as the axial line of a secondary 
or a rain-line. Not infrequently they occur upon the abrupt 
termination of the rapid fall of the barometer. The course of 
events seems to be that the fall of the barometer is suddenly 
arrested and reversed ; the pressure thereafter remains 
more or less steady for some hours, a further fall subse- 
quently taking place. The course followed l)y the barometer 
is very well illustrated by the record for Holyhead for 


^ ‘M^iiarterly Journal, Roy. Met. Soc./ vol. 36, p. 141, 1910. 
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August 31 — September 1, 1908 (Fig. 141), which was obtained 
duiiog the passage of the stormy depression which pre- 
ceded the British Association meeting of that year. It 
appears that in these cases it is a new air which brings 
the fall of the barometer to a sudden termination and 
produces a little rise. Very frequently the squall line is 
actually the tiongh line, and no further decline of pressure 
takes place after the passage of the squall ; then the phenomena 
of the line squall become the phenomena of the passage of the 
trough. The worst winds of a gale are often experienced in 



these circumstances and make the passage of the trough a 
period of special consideration. 

Why the trough line should also be a squall line is at pre- 
sent a question upon which speculation is hazardous. The 
circumstances suggest that the cutting in of the more westerly 
or northerly current is determined by the reduction of pressure 
in the broad southerly or south-westerly stream, and perhaps 
it spreads from where the pressure is lowest There is little 
doubt that the actual life history of the depression is in 
some way mixed up with these phenomena, but the precise 
manner of it is at present undetermined. 




346 


FORECASTING WEATHER 


PRESSURE VARIATIONS IN AN EASTERLY CURRENT 

1 know of no example of a line squall in an easterly current, 
that is in the north-eastern part of a cyclonic depression. 
From an investigation of 

MOT f^OON MOT 

the weather chart for 6 30'0\ 

p.m. on October 23, 1000, L£:/TH 

it appeared that the pheno- 
mena of a lino squall, or a 

secondary, were prolonged 29-5 1— — Nr— 

beyond the centre of the 
depression and were repre- 
sented in the northern part 
of it by a disturbance which 29 'O 

took the form of a very Fm. 1 12 Barofrrnm to Leith. 

, . Octohor 23, 1901K 

sudden fall of pressure of 

about 0*1 inch at Leith, where the wind, though light, w^as 
from the East (Fig. 142). The matter interested me because 
for a time the 6 p.m. report telegraphed by the observer 
was supposed to be OT inch in error on the authority of 
the harogram; but examination proved that an inaccuracy 
of a few minutes in the timing of the trace would have just 
made the difference. The meteorological conditions on that 
occasion were very complicated and the harogram of Aberdeen 
as well as that of Leith showed marked fluctuation. The 


Fig. 1 12 Barojrrfim for Leith. 
Octohor 23, 1909. 



Fig. 143. — Barogram for Scilly. 
October 23, 1909. 


barogramsfor the southern 
part of the depression 
showed the characteristic 
notch of a line squall, 
indicated at 2 p.m. in the 
reproduction of the baro- 
gram for Scilly (Fig. 143). 
Mr. Cor less has made out 


for me a series of charts to represent, hour by hour, as nearly 
as possible, the pressure distribution represented by the 
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barograins in this complicated case, a-s a solution of the problem 
of translating into synoptic charts the information given on the 
barogram in all its de- 
tails. The solution for 
6 p.m. is given in Fig. l-l-l. 

It is, however, found to 
be very difficult to give 
any reasonable represen- 
tation of the effects 
observed north of the 
centre. Nothing corre- 
sponding with «x line- 
squall is obsers-able, but 
some vigorous oscillations 
are represented. Thev 
invite further investiga- 
tion but do not affect the 
explanation of the pheno- 
mena south of the centre. 

I am accordingly still 
of opinion that the phe- 
nomena of the line-squall are due to the flooding of the surface 
with air from some westerly or northerly point, or in the most 
recent language, the invasion of the cold j^olar front. 

THUNDERSTORMS 

It is clear that the undercutting of the warm surface layer of 
southerly air by a more westerly or nortlierly one will create 
the conditions wliich wc have stated to be necessary for the 
causing of instability in the atmosphere. We have the flow 
dowmwards of the air behind the S(|unll-front and the ascent of 
the air that is displaced. Either of these may account for the 
production of iustahility in that region attended by violent 
showers, hail, and possibly thunder and lightning. These are 
the physical conditions for the formation of thunderstorms, 



Fig. 1 H — Chart showing in detail the 
shapes ot Lobar*' over the British 
Isles at () p.m. nn October 2;j, 1901), as 
inf cried from the Automatic Eeoorda 
of Barogr.iphs, 
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and I give an example of the storm of June 1, 1908 (Fig. 145), 
which was attended by a ’vdolent squall of wind that destroyed 
the east end of Bushy Avenue, It differs from a line-squall of 
the type which we have been considering in this chapter by 

being preceded and fol- 
JUNE I-2nd,1908. lowed by practically calm 



air, so that isobaric charts 
give us very little informa- 
tion. In other respects all 
the phenomena of the line- 
squall are apparent, and 
presumably the cause is of 
a similar character. 

Phenomena analogous to 
those which we have con- 
sidered imder the heading 
of ‘ ‘ line-squalls ’ ’ occur 
in nearly all depressions, 
and their investigation 
shows that attention to 
small details in the march 
of the barometric trace 
would, in certain circum- 
stances, furnish an aid to 
precision in forecasting. 
We have approached the 
subject from the point of 
view of the physical ex- 
planation of the pheno- 


Fig. 145. — Autographic Records for 
Kew and London during the 
Destructive Thunderstorm of 
June 1 — 2, 1908. 


mena. In the meantime 
from the point of view of 
precision in forecasting, 
M. Durand Greville has 


taken up the consideration of what we should call V-shaped 
depressions, which also represent sudden changes oi wind, and 
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uie in many ways similar to line-sqnalls. In treating of his 
subject he speaks, in fact, of the ligne de grain ^ which is the 
equivalent in French of our term line-squall, while his raban 
lie grain is easily expressed as applied to the phenomena of 
line-squall<?. M. Durand-Greville’s wort was highly commended 
by the adjudicators in a competition in forecasting held in 1905 
in connection with the International Exhibition at Liege. 

The fundamental point of his argument is that the smooth 
run of the isobaric curve with the associated continuous 
changes in wind and other elements is often not followed in 
actual experience ; and that if isobars are carefully and 
correctly drawn for sufficiently close intervals they will show 
the following phenomena arranged in lines running more or 
less radially from a low pressure centre over 1,000 miles 
or more : first, a more or less rapid increase of rate of fall 
of pressure, followed by a sudden rise, and then a reversion to 
the ordinary curve. These changes take place simultaneously 
along a line {ligne de grain), which sweeps across the 
country like an advancing wave, with a more or less constant 
direction and rale of advance. He calls the line of minima 
which precedes the sudden rise the couloir de grain, the 
stretch of country where the sudden rise gives isobars much 
closer together than elsewhere the ruhan de grain. In this 
region, as the ligne de grain sweeps over the countiy, there 
are squalls followed by rain showers, which may be of 
different intensities at different parts of the line. In some 
parts the energy may develop a thunderstorm, in others light 
rain only, or the instrumental iiidicatious for pressure and 
temperature may be the only indications of the passage 
of a ligne de grain. The trace of the sudden increase of 
pressure, which we have recognised as a characteristic feature 
of a line squall, is called the crochet or age, corresponding 
with the German term Oewitternase. 

M. Durand-Greville thus suggests definite weather pheno- 
mena as associated with some of the elements of the 
embroidery of the barogram, usually the sudden, though 
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slight, variations of pressure, and these travel across the map 
with such regularity that they permit the forecast of the hour 
at which the line will reach a specified place. lie has made 
some remarkably accurate forecasts of the occiTiTence of 
thunderstorms in France by the application of this method. 

Apart from its direct application in this manner it leads us 
to examine the question of the arrangement of weather 
phenomena mth reference to the pressure minima. In the 
cases illustrated by M. Durand-Groville these phenomena are 
not characteristic of a quadrant or sector of a circle, but of 
a belt of more or less uniform breacltli, running from the 
minimum as a radial band for a very great distance — far 
beyond the region of closed circular isobars. 

In order to indicate more clearly the existence and position 
of these Ugnea de grain, M. Durand-Greville recommends 
the use of a smaller interval for consecutive isobars in a 
synoptic chart than the 5 mm. interval which is customary 
on the weather maps for which the metric system is employed. 
He is, indeed, in favour of drawing isobaric lines for each 
millimetre. In order to illustrate this suggestion I have had 
maps prepared, in which the steps of pressure are one five- 
hundredth of the e.G.S. atmosiihere, equal to 1*6 mm., or 
3,000 dynes per square centimetre, or 2 inillibaT’s as we now call 
them. This scale of pressure measureinent was recomiuended by 
a committee and approved by the Council of the British Associa- 
tion, and also by the Meteorological Council in 1901, in response to 
a request from the committee of Section A, at tlie instance of the 
International Meteorological Committee which met at Southport 
in 1903, for the adoption of a uniform system of units for pressure 
measurements. The report was presented to Section A in 1904:, 
but no action was taken with regard to the suggestion. The 
subsequent action has already been referred to, and it may be 
noted that intervals of 2 millibars, employed in Pigs. 146a and 
146b, are the intervals adopted for the charts of the Daily Weather 
Report, British Section (Fig. 4). The method is used for the 
remaining charts of this chapter, in order to illustrate its applica- 
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1892. N/»feinboi 1, S a.m. 



Pressure is sliown in tliousandths of a C.G.S. atmosphere (now called 
millibars). Temperature in the terceulesimal scale with the first 
figure, 2, omitted. 

Pig. H6a. — (Dhai t showing the Advance of a “Ligne de Grain.’’ 
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1692. November 2, 8 a.m. 



PiBssures in millibsiprsi PompoTaiturcs in tb.© tcrcsutosiinail sceiIo 
with the first figure, 2, oraittecl. 

Fig. 146b. — Chart showing the Advance of a *• Ligne de Grain.** 
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tion. In preparing them the observations subsequent to 1904* 
have all been coirectcd for the deviation of the value of gravity 
from that at latitude 15 degrees. 

An example (Figs. HCa, IIGb), which is referred to in the 
report of the Commission of judges of the Liege competition, 
is shown in the maps for 8 a.m. November 1 and 2, 1892. 
It illustrates a liyne de gram in which the variations of 
pressure are much less abrupt than in the case of the line 
squalls to which we have referred. There is a couloir de 
grain represented by a long strip of low pressure extending 
from a depression north of the Baltic to the Mediterranean, 
and the rnban de grain is shown by the compression of 
the isobars between the couloir and the tongue of high 
pressure extending from Spain over the Bay of Biscay. At 
the end of this high-pressure region there is another low- 
pressure region indicated by the southerly winds in the west 
of Ireland. This was made the basis of the forecast by 
M. Diirand-Greville of another nihan de grain following 
the first. Its development is shown by the north -and- south 
isobars over the British Isles in the map for November 2 
(Fig. 146b). In this country we should have regarded it as 
denoting the approach of a new depression, and doubtless our 
ideas would have tended towards a circular depression rather 
than an elongated area of low pressure signified by calling 
it a ruban. It makes, however, for progress that we should be 
reminded from time to time that the ideas which govern our 
system of forecasting are susceptible of modification, and the 
question as to whether a circular depression or a ruhan de 
grain has the better claim to be regarded as the normal 
type is worth discussion. As regards the prognostication of 
the incidence of rainfall, the ruba7i de grain is a more effective idea 
than the circular depression. We leave the reader to translate 
M. Durand-Greville’s ideas into the language of the polar front. 
Itj can he done without the use of a dictionary and not more 
grammar than is included in Chapters V. and X. 


F.W. 


A A 
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MINOR FLUCTUATIONS WITHOUT APPARENT INFLUENCE 
ON THE WEATHER 


Wo have seen that man 7 striking features of weather are 
associated with very small changes in pressure, such as may be 
included in the general title of the embroidery of the barogram. 
But the converse proposition is not true, we can find a number of 

cases in which very DEC. 10.1 900 

curious fluctuations of pressure oscillations 

UNACCOUNTED FOR 

pressure are uncon- 

or to speak more accu- j 

lately, whatever cone- § ^ « 

V , 1 . § 7 P.M. 2 a -SO'I 

spondence there may be ^ 

qq 

has not yet been iden- falmouth 

tified. In support of 

this statement we may Fig. 147. — Oscillations of the Barometer 
refer particularly to the December 1 0, ] 900. 

wave-like variations of pressure which are shown on the migro- 
barograph, some examples of which are given in the paper which 
described that instrument.^ 


FALMOUTH 


The usual period for such wave-like oscillations is ten minutes 
to twenty minutes, and an oscillation with that order of frequency 
seems to be natural to our atmosphere. The period of ten 
minutes with a gradually diminishing amplitude is clearly shown 
in the reproduction of the mercury-barogram of Falmouth for 
December 10)^1900 (Fig. 147). A longer period of about forty 
minutes is shown in the transient oscillation at Eskdalemuir on 
March 6 — 7, 1918 (Fig. 148), which manifests itself not only in the 
pressure, but also in the direction and velocity of the wind. 

Such periodic variations in wind are sometimes noticed wJien 


1 '• Q. J. Roy. Met. Soc.,” vol. 31, p. 39, 1905. 
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Fig. 148. — Squalls 
and Oscillations 
of Pressure at 
E skdalomuir, 
Mar. 6—7, 1918. 

For another ex- 
ample see “ Na- 
ture,'* vol. Ill, 
p. 598, 1923. 


JAN. 12.1907 

PERIODIC CHANGES IN WIND 


Fig. 14 9.— 
O bcillalions 
of the Wind 
at South- 
port, Janu- 
aryl2, 1907. 


SOUTHPORT 

VELOCITY 


10 11 MtOUT r 


, 'liRMriilljaakAirjkrilUi J’iRHRlI 

IliHRHRBRRRM iHRBRRRHBP 


meoTiQN 
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no corresponding variation in tlie jjressnre has been noticed. 
The record at Southport for January ]2. 1907, appears to be a 


JUNE 30.08 

OSCILLATIONS 


case in point (Fig. 149). An endeavour 
to decipher the explanation of these 


OF PRESSURE 
UNACCOUNTED FOR 
S. KENSINGTON 


period ic changes from the vector 
changes in the wind is given in a 



PETERSFIELO 



Fio. 150. — Oscillations 


over the Region Irom 
Cambridge to Peters- 
field, June 30, 1908. 


paper before the Royal Meteorological 
Society. 1 

JULY 12.1908. 


RAPID PRESSURE CHANGES 
WITHOUT OSCILLATIONS 



Fig. 151 — Deep Depres- 
sion of Small Area. De- 
pressions occurred during 
thundery weather, but 
locally there was nothing 
more than a lew drops of 
rain, July 12, 1008. 


What it is that actually forms the oscillating system in these 
cases is a question which excites curiosity which is at present 


^ ** Q. J. Roy. Met. Soc.,” vol. 36, p. 25, 1910. 










Pig. 152f. — S pring Anticyclone ot 1010 {continued)* 
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conspicuous cxHinplc* oi anticyr lonir f'onrlitions over that area 
in recent yeaih, giving an isobar of the remarkable height of 
31-3 inches. 

Still higher pressures were ^hown further to the east than 
the limit of the map. Note the difleiences of weather and of 
temperature uithin the region of pressure above 30*8 inches. 


A 5PR[NQ ANTICYCLONE 

We may next pass under review the senes of maps representing 
the notable spring anticyclone of 1910, A\hich gave generally fair 
ueather over the British Isles from March 19 to April 2 (Figs. 
1o2a — F. It began with the advance of high pressure from the 
Atlcintic on March 18, it was central over the British Islea on March 
25, and again on March 29 after a disturbance, threatened from the 
Icelandic region, had receded. It finally gave way to a shadow low 


Si’BiNG Anticyclone of 1910. 
General Charade} ibtu s of Weather. 


Date. 

England. 

Srotl ind. 

IreUud. 

March 19 . 

Cloudy. 

Overcast. 

Overcast. 


20 

Eineto overcaat (r). 



1) 

21 

Cloudy. 

Cloudy (r). 

Cloudy 


22 

Fine. 

Erne to overcast. 



23 . 

Fine to overcast. 

Overcast. 

Overcast. 


24 

Ovcicast. 

Fine to overcast. 

Fine to overcast. 


25 . 

OveiOQhfc. 

Overcast. 

Overcast. 


26 . 

Eino to overrabt. 

Overcast. 

Overcast. 


27 . 

Fine to overcast. 

Caoudy (r)]* 

CEoin].* 


2S . 

Fine (f. r). 

Fine* 

Fine. 

1 1 

29 . 

Fine (m). 

Fine, 



30 , 

Fine (m). 1 

Fine. 

!E^e (tn). 

1 p 

31 . 

Fine io cloudy. 

Cloudy (£). I 

Cloudy (mV 

A pul 

1 . 

Fine to overcast. 

Fine to overcast. 

Cloudy (m). 


2 . 

Fiuo. 

Fine. 

Cloudy to overcast (r). 

it 

J • 

[Cyolonio depression.] 


The letter (,0 indicates that ram wan reported at 7 am. from one or more 
Blationa ; (in') misl , and (t) fog. 

* On tins uccnsioD these counliiea were under the influence of a cyclonic 
depression centied beyond Iceland. 
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pressure area coming with strong north -easterly wind from the 
Continent. We have thus fifteen days of continuous anti- 
cyclonic weather, and on ]). 367 I have indicated quite briefly 
the weather of each day in each of the three kingdoms. 

It will be seen that an overcasfe sky occurred frequently 
during the period of the anticyclone, and that on some of the 
days rain was reported, although the amounts were in all 
cases small. 


ANTICYCLONES WITH RAIN 

We may refer also to the map for 8 a.in. of April 9, 1903, 
already reproduced in Fig. 21, where rain is indicated as 
falling at eight stations vithin a large anticyclone. No doubt 
in this case the contortions of the 30*1 inch isobar enable us to 
attribute the rainfall to irregularities of pressure. My con- 
tention is that such irregularities of pressure are possible and 
not infrequent within the precincts of a region definitely 
anticyclonic, and the contention is borne out by the map 
for 8 a.m. on May 23, 1908 (Fig. 163), which shows a 
little area of relatively low pressure, 30’0 inch, with asso- 
ciated rain, included within a pronounced anticyclonic region 
bounded by the isobar of 29’9 inch. A still more striking 
instance is to be found in the map of June 27, 1908 
(Fig, 154), which shows an anticyclonic isobar enclosing 
the central region of an extensive anticyclone, with rain at 
three stations within the central isobar and at one within 
the next lower step of pressure. This chart is included in 
the series representing 3 , summer anticyclone referred to 
on p. 172. 

It may be easily allowed that the rainfall in these cases is not 
large ; sometimes it appears to be only the rainfall of a wind 
striking an elevated coastline and producing rain over the districts 
which offer obstacles to the advancing current ; but in the case 
represented, the rain at Nottingham cannot be attributed to such 
mechanical action. It might be due to the gradual ascent of the 
moist ail of the surface in consequence of eddy-motion in the 



In. 

Mb. 

29-4 

095-6 

29'5 

9990 

29'6 

1002-4 

29-7 

1005-7 


CoNVj:iisi03T Table. 


In. 

Mb. 

29-8 . 

1009-1 

29-9 . 

1012-5 

30-0 . 

1015-9 


In. 

Mb. 

30-1 

1019-3 

30-2 

1022-7 

30-3 

1026-1 


Fig. 153. — Rain within the Precincts of an Anticyclone. 


p.w. 


B B 
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J uue 27. 8 a.m. 



In. Jfb. 

30 0 . 1015 9 

301 . 1019-3 


CoNVEBsiON Table. 

In. Mb. 

30 2 . 1022-7 
30-3 . 1026-1 


In. Mb. 
30-4 1029 4 


Fig. 154. Rain in the Central Region of an Anticyclone. 
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current coming down from the north^ but in any case, tlie slight* 
fall of rain is sufficient demonstration of the absence of descending 
air in the locality afEected. AVe must allow any kind of weather 
within the closed curve of an anticyclonic isobar, provided it is not 
of a violent character. 


FINE WEATHER ANTICYCLONE 

AVe have already had under consideration (Figs. 70a, 70b) an 
example of a summer anticyclone, the generally fine weather 
of which was somewhat marred by rain. 

I propose to give one other example of an anticyclone, 
that of the week from March 24 to March 30, 1907, which 
was associated with as fine weather as can be experienced in 
these islands. In consequence of the stillness of the atmo- 
sphere, the weather was exceptionally continental in its 
character. The mean maximum and minimum temperatures 
for the week at the stations in the line of section, as well as 
the extreme temperatures for the week and the duration of 
sunshine expressed as percentages of the maximum possible, 
are shown in the meteorological section ” across the British 
Isles which is reproduced from the Second Annual Report of 
the Meteorological Committee (Fig. 156). An extreme differ- 
ence of as much as 44° F. is shown behveen the extreme 
temperature of day and night near the east coast. The 
differences between the coastal stations and the inland stations 
are very noticeable in the section. 

The weather charts for 8 a.m. of each day of this week of 
fine weather are represented in Fig. 155. The duration of 
sunshine registered day by day at Clacton, Nottingham and 
London is marked on the charts. 


^ The formation of rain in a northerly current coming down the North Sea, 
Buch as that of Fig. 154, and so passing gradually with eddy-motion over water 
successively warmer was often in evidence in the reports of weather from the 
western ^ont during the war. 


B B 2 
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1907. March 2-1, 8 a.m. 1907. March 25, 8 a.m. 



1907. March 26, 8 a.m. 



Fig. 155. — Week of 
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Section We«it to East across the British Isles showing Temperature and 
Sunshine dining Cloudless Weather, March 24—30, 1907. 



MEAN SEA TENPENATUHES ABE ENCIBCLEO 


Ei({. J 50.— Fine AVeallier Anticyclone. 

The relief of the country along the line of the section is shown hy 
tlio black ])rofile at the bottom of the diagram with a scale of feet, 
along the right-hand side. The positions of the stations arc marked 
by vertical lines with the names against them. Particulars as to 
sunshine mean and extremes of maximum and minimum tempera- 
tures, with averages for comparison, are shown by lines crossing the 
diagram with a scale of temperatures at the side. 
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DROUGHTS 

In spite of the fact that occasionally anticyclones may manage 
to harbour a little drizzling rain the chief characteristic of anti- 
cyclonic weather is its dr 5 mess, and drought is fairly regarded as 
the natural accompaniment of a prolonged anticyclone. Among 
the various empirical rules for forecasting which have been 
communicated to me was one to the effect that it would not rain 
in this country if pressure exceeded 30*3 inches or 1,020 millibars. 
This rule I kept in mind for some time, intending to confute the 
principle; the map for 7 a.m. of September 4, 1911, presses it 
rather hard; but the war supervened before I had found suitable 
examyjles, and I leave the problem to be dealt with by the reader 
either as a physical principle or as an empirical statement which 
can be contradicted or verified by experience. In any case, rain 
with high pressure is rare, and relatively high pressure in the neigh- 
bourhood of depressions is often accompanied by brilliant weather. 
We may accordingly regard the occurrence of drought as being 
associated with the persistence and recurrence of high pressure 
over us. 

The year 1921 has become notorious for its drought that went 
almost to the extent of dearth. The southern and eastern 
counties of England, which may almost be said normally to have 
the ** optimum ’’ sequence of rainfall for crops and other purposes, 
had only lialf their normal quantity during the year, and have 
found that to be distinctly insufficient. The drought went on 
with very few periods of relaxation throughout the year, and we 
therefore have a more favourable opportunity of studying the 
conditions for drought than ever before since weather maps began. 

The conditions will be best understood by reference to the maps 
of pressure and wind for January and July in Figs. 9, 10, and 11. 
Taking first the July map, it will be seen that the great Atlantic 
anticyclone becomes very extensive in the summer, and its outer 
margin, as represented by the last closed isobar (30-0 inches), just 
reaches the Channel, the next isobar, 29*9, which clearly belongs 
to the anticyclone on the north side and very nearly completes 
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'the circuit, crosses north of Ireland. Hence, the British Isles lie 
just on the fringe of the great antic 3 ’clone ; its eastern ridge runs 
a little south of us through the north of Spain and middle France 
to Central Europe. There is, moreover, a ridge of high pressure 
east of the Scandinavian peninsula which connects the extension 
of the Atlantic anticyclone with a less well-marked high pressure 
over the polar regions. We may at any time get within the* 
influence of this line of high pressure either by the extension of the 
Atlantic high ’’ a little to the north or by the accentuation of the 
ridge of high pressure over the Baltic. In 1921 a ridge from the 
mid- Atlantic was frequently over us and joined the Baltic “ high ” ; 
thus a line of high pressures with a consequent corridor of fine 
iveatJier was very frequent in the maps, sometimes as an obvious 
extension from the south-west, sometimes as an equally obvious 
extension from the east, and sometimes accentuated sufficiently 
to form a local high pressure, but always with a ridge to south- 
west or north-east. 

So the anticyclonic weather came to us as a local expression of 
one of the features of the general circulation of the atmosphere 
round the Asiatic low on the one side and round the Greenland 
low on the other. Such a condition is always practically in 
existence, but the ridge is generally to the south of us and our 
region in the north is generally subject to frequent invasion of 
travelling low pressures of the Iceland region. In 1921 they 
existed in their usual numbers, but they kept to the north and 
seldom managed to approach the Channel. They gave more than 
the usual allowance of rain to the north of Norway, but left our 
southern and eastern districts so dry in the summer and autumn 
that a water-famine was threatened, and in part realised. 

In winter, as represented by the map for January (Fig. 9), the 
conditions difier from those of July in important details, and yet 
present some analogy. Tliere is stiU a chain of high pressures 
from the middle of the Atlantic to Central Europe, but the con- 
tinuation of the chain is not northward via the Baltic to the North 
Pole, as in July, but eastward direct to a great centre of high 
pressure in Central Asia. Westward there is continuous high 
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pressure over the United States conneuting with the anticyclone 
of the Eastern Pacific and beyond that to the western side of the 
great Asiatic anticyclone. Hence, in winter, as in summer, there 
is a corridor of fine weather across Europe from the middle 
Atlantic, and it may be continued round the world between the 
parallels of 30° N and 50° N. Its normal position is over Spain, 
more than 600 miles south of the British Isles, hence, in winter 
still more than in summer, the British Isles are generally on the 
northern side of the corridor, and therefore more subject to the 
changes of passing cyclonic depressions than they would be on 
the corridor itself with its typically fine weather. But the 
conditions are sufficiently elastic for the corridor to shift its 
position northward so that its ridge-line lies over Britain. Then 
our southern districts get the easterly wind, appropriate to the 
south side of the corridor, coming direct from the frozen ground 
of Europe and Asia. They provide a spell of cold weather for the 
southern districts, while the more northern districts have the 
advantage of the westerly airs of the northern side of the corridor. 
Hence, in winter, drought is usually associated with freezing 
weather in southern districts, the reverse of the effect in summer, 
wlien tlie Continent offers an effective arrangement for warming 
the air that passes over it. 

In any case, the examination of the causes of droughts invites 
the study of the corridors of fine weather which connect the great 
centres of high pressure in summer and in winter, the variations 
of position to which they are subject, and the variation of inten- 
sity in different iiarts. 

This may lead on to the study of the disposal of the air, which 
is hfted to the higher regions of the atmosphere in the course of 
the formation of rain and an enquiry as to where the lifted air ip 
dumped and what is the relation between dumping and anti- 
cyclones. Some day the study will form an interesting chapter 
in the life-history of upper air currents. 



CHAPTER Xin 

SEA FOGS 

JFor those whose business is on the sea, and particularly 
near coasts or on frequented trade routes, the most important 
meteorological element is fog. In recent years, since the use 
of steam power and large vessels has become general, fog is 
an even more serious obstacle to navigation than strong 
winds : but it is much less amenable to rules for forecasting. 
Eog on land is specially characteristic of anticyclonic conditions, 
which allow a slow drift of air from the warmer uplands over the 
projections from the Jiioist surface of land areas cooled by radia- 
tion, and therefore chill the lowest layer of air. We may sum- 
marise the conditions as chilled air, moist ground and a slow drift, 
either downward along the slopes or across the surface. Land fogs 
often reach from the coasts over the sea, and, when conditions are 
favourable for the general develop uncut of laud fog over our islands 
and the adjacent parts of the continent, we may find the fog 
extended over the narrower straits or enclosed seas by a sort 
of drainage from the land. These are, in the main, the 
autumn and winter fogs ove" the seas near our coasts, but the 
process is not properly characteristic of the formation of true 
sea fog. Fogs at sea are 'nore generally to be associated with 
the gradual passage of m rm and moist air over cold sea water. 

They are most frequent in those parts of the ocean where 
cold water passes under a warm air-current. It gradually 
reduces the lemperatura and increases the relative humidity of 
the surface layer, while the motion of the surface of air and 
sea produces the gradual mixing of air of different tempera- 
tures which, as we haveseenin Chapter VIII., causes condensa- 
tion in a surface layer. In the localities where sea fog is 



SEA FOGS 


379 


prevalent it is most observed in the spring and early aiimmPT, 
when the temperature of the water lags behind the air in the 
march of the seasonal variation. It is absent or least conspicuous 
in the winter, when the temperature of the air is apt to be lower 
than that of the sea.^ 

FOGS ON THE BRITISH COASTS 

Hence we may fairly say that sea fogs are summer fogs, 
and land fogs winter fogs. Coastal regions come in for a share 
of both kinds ; but as regards our own islands the prevalence 
of fog inland or on our eastern coasts, enclosed seas, or narrow 
straits, is greater in the winter months, while on the exposed 
western coasts the early summer is the more notable season of 
fogs. Particulars of the incidence of fog are given in the table on 
p. 380 and in the charts of fog at British stations (Fig. 157). 


EDDY MOTION 

The mechanical process of cooling the air above a cold surface 
and the consequent formation of fog, if the cooling is pursued far 
enough, has been explained quantitatively on a physical basis by 
G. 1. Taylor.2 

The mixing is attributed to the irregular eddy motion which is 
set up by the frictional effect of the surface, and its irregularities 
if there are any, upon the air which passes over it. By that effect 
the moving air is put into a state of motion which is technically 
known as turbulent. It may be described as the conversion 
of what might have been a steady flow of air, in which the particles 
all move in streams parallel to the surface, into a confused turmoil 
in which a part of the energy of the smooth flow is represented by 

^ See the charts of distribution of fog over the Atlantic Ocean and oS the 
coasts of the British Isles issued by the Meteorological Office (Monthly Meteoro- 
logical Charts of the Atlantic and Mediterranean, 1909 — 1910). The obser- 
vations of fog in the Soutli Atlantic have recently been discussed in the Marine 
Division of the Meteorological Office and monthly frequencies have been 
obtained. It is noticed that a very large majority of the fog-observations occur 
with northerly winds and with air warmer than the sea, and the suggestion of 
warm air over cold water as a general cause of sea-fogs ia confirmed. 

‘ Boy. Soc. Transactions,” A, vol. 215, 1914 ; “ Report of the Scotia 
Expedition,” Board of Trade, 1913 ; “ Q. J. Boy. Met. Soo.,” vol. 43, p. 241, 

1917. 
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Average Number op Observations op Fog prevailing at Fixed 
Hours at various Stations in the United Kingdom. 
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irregular and incomplete eddies constantly forming, changing and 
decaying in consequence ol the relative motion of the contiguous 
layers but constantly renewed by the frictional effect of the 
surface. 

We may form some idea of what such eddies are like by observ- 
ing some of the more complete and durable examples, which can 
be found on suitable occasions. The easiest example to study is 
what has come to be known as a cliff eddy, which can be observed 
whenever a strong wind blows upon the face of a nearly vertical 
cliff. Sea cliffs afford the best examples. It will easily be 
noticed that at the edge of the cliff one is “ out of the wind,” 
because the strong air current passes upwards overhead. What 
wind is felt there is a light breeze towards the sea forming the 
lower current of the eddy. An empty match box and even a hat 
thrown out seaward from the cliff will be carried overhead, and 
may come back again to its owner along the ground behind him. 
The interior of the eddy does not consist always of the same 
wind — ^the general commotion prevents that — but an inner rota- 
tion can be traced in all its parts. At the Meteorological Office 
are a number of photographs of a small pilot balloon carried 
round between the top of a cliff and the surface of the sea in an 
eddy formed below the level of the cliff by the passage of a strong 
current of air from the land seaward. Corresponding eddies are 
often seen in water when a strong stream has dead water on its 
sides. , 

Such eddies in uind are sometimes very remarkable. I recol- 
lect an occasion when there was a gale from the west at Dover 
and it was scarcely possible to walk on the shore or in the streets 
on account of the wind. The only place where there was no wind 
was on the parapet of the Admiralty pier, apparently exposed to 
the full force of the gale, but really protected from the wind by 
the deflection of the current upward overhead by the face of the 
pier. The most notable instance of a cliff eddy on a large scale 
is that caused by a “ levanter,” a strong wind from the east, at 
Gibraltar, which blows on the steep eastern face of the rock. Its 
effect upon a tube anemometer exposed at the signal station on 
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the top of the rock is practically to put it out of action ^ because 
it is adapted only to measure the horizontal wind, and on the top 
of the rock the wind is deflected so as often to be vertical. 

We may think of the eddies formed by any sort of obstacle in 
the path of ordinary winds, or by the surfaces of the ground or the 
sea, as things of the same kind, but on a much smaller scale. The 
eddies at street comers give us a better idea of the process. We 
see them formed rapidly, persistent for a few seconds, and then 
destroyed. The best idea of what is meant by eddy motion in 
the sense in which we are now using it is perhaps to be got by 
watching the wreaths and whirls of drifting snow formed by the 
wind passing over the smooth surface of a paved street when 
there is hard frost and light snow that shows the irregularities of 
the motion of the air over the groimd, or by watching from a cliff 
the efi[ect of wind passing over the surface of the sea. 

Less obviously, but more effectively, the results of eddies can 
be seen in the trace of a tube anemometer. The pen is constantly 
moving up and down and draws a broad ribbon instead of a smooth 
curve in consequence of the eddy motion. The width of the 
ribbon indicates the gustiness of the wind or the activity of the 
eddies, and it is easily noted that for the same anemometer and 
for wind in the same direction the width of the ribbon is propor- 
tional to the velocity of the wind. 

That is not by any means the only example ; for the effects of 
eddy motion are uncommonly ubiquitous. A factory chimney is 
almost pardonable when it emits black smoke, because it gives a 
very effective picrure of the result of the eddies which pass over 
it and disperse the smoke up and down and from side to side as it 
leaves the chimney and thereafter until it is lost. These effects 
have recently been carefully studied and we find that the spread 
of the chimney smoke is a good index of the state of the atmo- 
sphere as regards eddies. It follows a law of dispersion which has 
very general application and ranges from the long streamer of 

* “ Report on Wind Structure,” Shaw (Advisory Committee for Aeronautics, 
R. & M., No. 9) i “ Eddy Wind of Gibraltar,” H. Harries (“ Q. J. Eoy. Met. 
Soo.,” vol. 40, 1014). 
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smoke on a nearly calm day, to the spread of the dust-storm of a 
simoon, perhaps the most ap])alling example of the result of eddy 
motion. 

It is the atmosphere that provides the eddies, not the object 
which emits the smoke. Mr. A. Mallock has pointed out that on 
a calm day when the atmosphere makes no eddies the smoke of a 
steamer passing through it leaves a long straight trail that takes 



Fig. 158. — Cooling of Air by Mixing. Potential temperature at 
various heights for a given rate of fall of temperature at the 
surface. 


a long time to disperse. But when there is wind the smoke 
spreads out and disperses according to the law to which we have 
referred. 

G. I. Taylor has made a great advance in this part of the subject 
by bringing the phenomena of eddies under numerical calculation. 
He makes no attempt to trace the course of the air in individual 
eddies, but shows that their general effect follows the laws which 
physicists have obtained for the conduction of heat, and the 
diffusion of gases and liquids. In those processes it is the efiect 
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of the molecules of the gases and liquids which is generalised and, 
in a sense, the eddies may be regarded as molecules on the large 
scale, the effect of which can be generalised in like manner. The 
constant that enters into the equation is such as to give a diffusion 
by eddy motion much more rapid than by the molecular processes. 

In the generalised manner here described, when it passes ovei’ 
cold sea, air is filled with eddy motion which spreads upwards 
according to the law of conduction : and, as the eddy motion 
carries with it the cold air from the surface, the air above gradually 
loses heat and in such a way that the law of conduction may be 
taken as applying to the potential ” temperature of the air 
above the cold water or cold ground. The potential temperature 
is not the same as ordinary temperature. Allowance is made tor 
the automatic rise of temperature that would result from bringing 
the air downward and increasing its pressure thereby (see p. 60). 

The distiibution of potential temperature in consequence of 
the mixture of the air by eddy motion can be rei)rcseiited by the 
curves of Fig. lo8. 

The diagram shows the effect on air, originally in adiabatic 
equilibrium, when the surface is cooled, cither by passing over 
cold water or in some other manner, so that its temperature 
falls at a constant rate. 

The potential temperature ol the air initiallv \^ould be repre- 
.sented bv a vertical line on the right-hand side of the diagram, 
and the distribution ol potential temperature alter one, two, three, 
lour and five hours of cooling at the surface is shown by the 
curves. The distance between successive vertical lines of the 
diagram represents the fall of temjicrature at the surface in one 
hour. 

The inset shows the theoretical distribution of potential 
temperature after thirty six hours' cooling under the conditions set 
out in Fig. 159 which represents an interesting example taken 
from Taylor’s narrative in the Report of the Board ot Trade on the 
voyage of S.S. Scotia in 1913. 

The distribution which is represented in rhis diagram is a lair 
representation ot what is found in, and immediately above, a 
p.w. c c 
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seji fog, Tlip tomporature incn"ii‘^es with height until the top of 
the region afTected hy the eddies is readied : from tliere ujiward 
the leni]>eralure fall'^ in accoidanec with the usual experience. 
Tlii- proci'diu’e is illustrated by an example reiiresented in 
Fig. loO. 

By ti-aciiig back the ])alh of the air Taylor found that from 
“.Inly 28 to 20 the air blew oil the luainlaiid and was 
fi>£Rc£N-rAci£ fiSLAuvE HUM/oiTY oooled bv the cold water 

i 2 | — ^ — near llie coast. It then 

Qir ^ ^ j began to blow on to 

tio ! ?- L — wanner water and the 

3 * o water-temperatiirc along 

' I £ ./ : its path continued to 

1^ J ' / a / _ increase till midnight, 

I I i f [| I ' c August 2, or 8 a.ni., 

I ' j j I * ^ Augast 3, when the air 

2^ __ began to blow off the 

§ 2 warm water towards the 

K E again.** 

S these variations of 

^*1/^ TKi«k iFog I tempcratui'e at the sur- 

2S0« 2 46 8 490 2 468 200a nUlV 1)0 traCCJ ID. tllG 

potential TEMPERATURE ‘ . 

(T£pc£N 'TFVMAL SCALE) H 1 st I’l but 1011 o [ potcnual 

Fig. 150. — Potential Tempcnitnre and temperature in the upper 
Ilunuflitv or t lie Air above the Sea (iff ■ rm r c 

Newloiiiullaud. Aiigust 4, 1013, 7 p.iii. cooling of the 

Modilied Iroiii a diagi*ani by G. I. surface in tlte thirtv-six 
Taylor. Tlic reader will iiloa^so nole , . i- , 

that the lines of poi ential teiiipernt lire hours immediately pre- 
and hiniiiditv cro^h uach oilic-r at ilic ascent lias ox- 

point marked 2Ul and 370 inctro'^. " 

tmided Uj) to 370 m. as is 

shown by the increase of potential temperature up to that 
height, the effect of the surface-warming from July 30 to 
August 3 is represented by the approximation towards adiabatic 
conditions of the slope of that part of the curve between 370 m. 
and 770 m. and the previous cooling by the greater deviation from 
the adiabatic state between 770 m. and 1,050 m. 

The point to be noticed about the humidity curve is that in 
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both parts of tlio (*urv(» where tli(‘ ])otcniial temperature is 
mcrocising rapidly with heiglil the upper air shows increasiiio 
dryness Eotweeii those two ])arls of tlie riirve tliere is irregu- 
larity. Ihe increased humidily of the lower layers is to be 
attributed partly to evaporation from the surface and partly to 
the loss of temperature by eddy cliiTu'-ion. 

The que.stioii arises as to how far up the process of mixing can 
be carried. Experienced captains ^^llo have navigated in the 
North Atlantic refer to ovcrloolciug a log from the mast-head, and 
to looking under a fog by being lowered ])ractically to the level of 
the sea. On the voyage of the Scoiin Taylor found the clloct of 
the surface to extend up to heights between 100 m. and 1,150 lu. 
depending presumably u])on the time during which the o]HTUtion 
had been going on. In the case of land we have not generally 
Die same stretches of surface of continuously falling temperature. 
Fog in London or its neighbourhood and corresponding localities 
may, however, extend to a height of 300 to 500 or even ],()00 feet. 
And there are cases in w'hich the analogy of the long fetch over 
the sea is reproduced in tlie formation of fog over, for example, the 
greater pari of AVeslerii Euroj)e. We may give January 31, 1918, 
as a map representing the case in point (Fig. 160). 

Wc see tliere a very wide current of south wind fed partly by the 
turning northward ol a westerly current from the warm Atlantic 
and for the remainder by an easterly current coming fi’om 
the cold Continent and bringing freezing weather in its course. 
The cold easterly wind chills the whole surface of the ground and 
as it recedes its place is taken by air having the same diroctiou, 
but warm and moist on account of its previous history. TIkmi 
w’cget all over Western Europe the same conditions which hold 
oil the banks of Newfoundland, namely, warm air passing over a 
cold surface and, in consequence, a vast area of fog out of which 
only the higher parts of the land project. On the morning of 
October 12, 1912. fog was recorded at eleven stations on the 
English side of bhe Channel and at other eleven on the continental 
side. 

A very interesting example is to be seen in the maps for 
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1918. January 31. 7 li. 



Pig. 160. — Plow of Air along a Line from Madeira to Spitzbergeii, 
causing Fog over Western Europe, probably by the Drift of 
Warm 4]r over previously Cooled Ground. 
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Kovombor 10. 1921. wlien a fog began at 9 a.m. in a sontlierlv' 
wind which had encroached from the Atlantic over the cold 
ground. It was speedily chased away by an invasion from the 
east, and the fog vanished wdien the cold air came back. 

AVe have, therefore, arrived at the conclusion that as a rule 
sea fogs arc due to the cooling of the air by a cold surface over 
wdiich it passes. The efect is subject to a law’ of eddy diffusion 
wdiicli is analogous to the process of molecular diffusion but w'hich 
causes mucli more rapid interchange of temperature betw’een the 
siu’face and the air above it than molecular diffusion w’ould 
produce. The result of the process is a low’er layer in w’hich 
temperature increases with lieight. In tlie colder layers near the 
sin face, fog is formed by the condensation ot the Avater vapour 
by mixing, but above the fog is a layer in which the temperature 
is still increasing Avith height : or in other Avords, cooling by the 
influence of the surface has already begun but has not gone far 
enough to cause condensation. 

It is to be noted therefore that the fog is to be found in air AA’hich 
has a considerable range of temperature and since the air may be 
assumed to be saturated in a visible cloud tlie amount of water 
vapour in the air as distinguished from the Avater drops of the 
cloud is greater above the surface, a reversal of the normal 
condition. 

AMOUNT OF WATER IN FOQ-LADEN AIR 

From observations on the Austrian Alps it has been ascertained 
that a visible cloud represents Avater to the extent of 0*35 g/ni® 
to 4*8 g/in®. The AA’ater suspended as mist, fog or cloud may be 
taken as betAveen 0*1 to 5 g/ni^. The density of water vapour 
contained in saturated atmosphere varies from 25*8 g/m^al 300 t. 
to 4-8 g/m* at the freezing point and 0-1 at 232 t. Hence above 
the freezing point the amount of water which is invisible is always 
greater than that Avhich is visible as cloud. 



CHAPTEE XIV 

WARM WATER FOQS AND THUNDERSTORMS 

Although we may regard the gradual passage of moist air 
over relatively cold sea as the more normal condition for 
the formation of fog at sea, it is not possible to leave out of 
account the occasions where fog is appai’ently formed by the 
passage of cold air over warmer sea water. We cannot 
formulate the physical conditions in this case so easily as we 
can in the case of warm air over cold sea water. There is no 
difficulty in the formation of the surface cloud by mixing; 
but we should naturally sup]>ose that, whereas the cooling 
of the surface layer in the case of warm air over cold sea 
keeps the air wliich has been affected close to the surface 
and in time makes a saturated or cloudy layer of limited 
height, the warming of the lower layer of a cold current of 
air w’ould result in the air affected rising out of reach of 
further warming. We should expect the cloud to be formed, 
if at all, at some distance above the surface, when dynamical 
cooling due to elevation had reduced the air below the point 
of saturation. 

In the absence of any quantitative observations which would 
enable us to examine the separate cases numerically, we can 
only conclude that the explanation of surface fog by cold air 
over warmer water lies in the existence of a small lapse-rate of 
temperature in the surface air-current. If there is little drop 
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in teinj^erature in the an’-current am* u|nAaif!, so that 
we have nearly isothermal conditions, tlieii the warmed air 
would not rise far before it had become dynamically cooled to 
the temiDerature of its surroundings, and the effect of the 
Avarming would be limited to a comparatively thin layer. The 
whole of the layer in question would gradually become 
saturated, and might pass beyond that point to condensation, 
AVhether this be the full explanation or not, it is a matter of 
common experience in forecasting that any notable change in 
the air current is apt to produce fog over the coastal regioiib. 
If, after a spell of warm Aveather, the air supply becomes cold, 
fog is generally experienced at some point or other of the 
coa’^t. In reply to inquiry Admiial Sir Reginald Racon lias 
inloimed me that the formation oi Avreallis of mist over the 
Channel when cold air Avas passing over the Avarm AA’ater was 
noticed by the Dover Patrol : and, still more frequently, the 
replacement of a cold current of air by a Avarm one after a spell of 
cold Aveather shoAVS itseli as coastal fog. Hence the note ot “ fog 
locally on the coasts " is a frequent addendum to the statement of 
prospects of weather Avhen a general change of conditions, 
either from warm to cold or from cold to warm, is expected. 

It may, hoAvever, be interesting to speculate upon the 
alternative, or possibly the sequel, to the formation of fog 
wdien cold air is to be found OA^er AAarm AAatcr. We have said 
that the natural process AA^ould be for the warmed air to rise 
from the surface out of reach of further warming, and possibly 
give rise to a cloud la3"er not at the surface, but at some 
distance above it. A fringe of cumulus clouds along a coast- 
line is often a very noticeable phenomenon. It may be 
observed frequently Avith a AAesterly Avincl in the English 
Channel, The clouds may be due partly to the cause which 
is here indicated, and partly to the mechanical elevation 
of the air traA^elling over the cliffs. Sometimes they become 
Bufiffciently developed to give rise to smart showers of rain or 
hail, and sometimes to thunderstorms. It is of interest to 
note that just as we may draw^ a distinction between land fog 
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" and sea fog, so we may draw a distinction between land 
fcliunderslorms and sea thuiidersborms. On our Atlantic 
coasts we get thunderstorms most frequently in the winter, 
when fogs are least frequent, and, over land, thunderstorms are 
most frequent in summer, again, when fogs are least frequent. 
The coastal ihunderotorm is generally incidental to the passage 
of the trough of a cyclonic depression, the transition from 
the warm southerly wind to the cold westerly or n or ?h -westerly 
current. The land thunderstorm is similarly most frequently 
accompanied ])y tlio sweeping away of a warm current, or of 
stagnant air, by a cold deluge from some westerly or north- 
westerly point. 

Hence, to a certain extent fogs and thunderstorms may be 
regarded as inverse phenomena, and for a good physical reason. 
The surface fog is characteristic of conditions of stability in 
the stratilicaiion of the atmosphere; the thunderstorm, on 
the contrary, of marked instability. 

What precisely are the causes of the atmospheric instability 
which give rise to thunderstorms w^e are unable to say. We 
cannot regard them as being necessarily of similar character 
on all occasions. We can imagine, in the case of cold air over 
warm water, that in consequence of the adjustment of the 
lapse-rate of temperature, the first effect of the warming of the 
surface layei* may be to produce mixing and fog within a limited 
height, and that the process may go on until a level is reached, 
beyond y Inch the la]3se-rate of temperature is greater than for the 
surface layer. When that state of things arises instability may 
be produced, and the surface layer may find its way upward wdth 
great rapidity. The phenomena of the trough of a depression 
and of the line squall, which are often accompanied by thunder- 
storms, have been set out in Chapter XI. 

We will here only remark that we must be prepared to find 
a place for thunderstorms of different characters, so far as 
anything else is concerned than the instability which may 
be regarded as essential. The thunderstorms which are 
associated with the trough of a depression, or with well- 
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markptl lino squalls, generally ccminience with a sudden rise 
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of the barometer, the “ crochet 
d’orage ” ; but there are manj’ 
thunderstorms wbicli produce 
no crochet” on the baro- 
gram ; the pressure fluctua- 
tions are sometimes hardly 
noticeable. 

The conditions under which 
thunderstorms should be fore- 
casted are as various as the 
types of thunderstorms them- 
selves. The bummer storms 
of land areas are sometimes 
formed in the debatable region 
between two cyclones and two 
anticyclones where shallow 
depressions are formed, a 
region which, on the other hai 
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Weather Charts for 8 a.in., 2 p.m. 
and 6 p.m. of a Day of Thunder- 
storms. 


., we have identified in certain 


circumstances as one of descending air and consequently of 
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brilliant weather. We somotinies p;ct violent tluinclerslorms 
Iroin sliallow depressions coming up from the Bay of Biscay, 
of vhicli a good example, that of July 27. 1900, is given in 
the Report of the Meteorological Council for 1901 (see 
Figs. IGIa — c). In tl e east ol England there were three 
thunderstorms on this occasion, as indicated in the diagrams 
of Fig. 162 by marks at 3 p.ni., 8 p.m., and 11 p.in. The 
first was introduced by a well-marked “ crochet d’orage,'* 
the second by a less noteworthy barometric change, the third 
by hardly any change at all. In the summer, thunder- 
storms are frequently the accompaniments of small secondary 
depressions, mere deviations of the iso))ars, belonging to an 
area of general low pressure, and, as already stated, they 
sometimes occur as phenomonx incidental to the passage 
of the trough of a depression or a line squall. Hence, in the 
summer “ thunder locally is almost as frequent an 
accompaniment of changeable weather as ** fog on the coasts.” 

In this connection let me remark upon the peculiarity 
which the weather seems to display of taking on moods,” or 
“ fits ” as Sir Isaac Newton might have called them, for special 
tyi)es of occurrence. If a thunderstorm occurs on one day in 
any i^art of the country, it is quite common for other parts of 
the country to be visiled by similar phenomena on the next 
day or the day after, although the meteorological conditions do 
not necessarily point specially to the occurrence. As I xvrlte 
(April 16, 1910), a thunderstorm is passing and storms have 
occurred at various places in the country during the i:>nst 
three days without any special indication of their likelihood. 
Why the conditions of instability should be set up in one 
locality because there was instability in another locality 
yesterday or the day before, it is difficult to see, but no fore- 
caster can fail to draw the conclusion from experience. It is 
peculiarly true of thunderstorms and showers that the}" are 
conspicuously local, yet at the end of a spell few places seem 
to have been exempt. Moreover, the same habit is almost 
equally characteristic of rainfall. After a dry period, the 
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weather sometimes seems unable to rain even under baro- 
metric conditions which are apparently most favourable for 
it, and on the other hand, rain sometimes falls without any 
recognisable meteorological reason, even, as we have seen, in 
the central region of an anticyclone. The peculiar “ mood ” 
or “ fit of the weather is a great difficulty for the forecaster. 
Doubtless an explanation will be forthcoming in due course. 

Some light is tlirowm upon the subject by a paper by E. T. 
Newnham ^ on the persistence of wet and dry weather in which he 
show^. from an examination of the records of Kew Observatory. 
Valencia Observatory and Aberdeen, that the probability of a 
rain-day ** to-morrow at Kew is 4 to 1 against w’hen there have 
been eight days without rain, and the jDrobability gradually 
increases with diminishing spells of fine weather until it is even 
w ith one clay fine and increases up to only 3 to 7 against -when 
there liave been nine rain days in succession. Similar results, 
with slightly different figures, hold for Valencia and Aberdeen. 

Furthermore, with the modern observations of the u])per air 
we may take into account the effects of a spell of dry or of rainy 
weather upon the upper air in wliich rain is usually formed. With 
continued wet weather there is much convection and consequent 
turbulence, the upper air becomes j-elatively moist, and at the 
same time more thoroughly Jiiixed : as an environment it becomes 
favourable for the convection of any sample of warmer and 
moister air, whereas, alter dry weather, the upper air becomes 
warm and dry and possibly also relatively stable. Observations 
of humidity in the upj)er air enable a distinction to be drawn 
between these differing characteristics and become an aid to 
forecasting during spells of fine or wet weather. 

It will be noticed that I have given no physical theoi’y of 
the develoiJment of electricity in a thunderstorm. I have not 
done so because I know of no explanation that can be regarded 
as applicable to the different types of storm. If I had been 
able to supply an adequate theory it would probably have 
explained why, when Nature was in the mood, every rain- 
shower was a thunderstorm, whereas on some other occasion 
^ Q. J. Koy. Met. Soc.,“ vol. 42, p. 15a, 1910. 
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the longe*^t poriod of hot weather passed quietly away without 
a single peal of thunder,’- 


NOTABLE THUNDERSTORMS SINCE 1910 

We may add some notes on the notable thundcistorms which 
have occurred since the preceding paragraplis were written, and 
which have been the subject of special investigations. J, 
Fairgrieve lias given some very full details, ^ including some half- 
hourly maps of rainfall of a remarkable storm in the south of 
England on the afternoon of May 31, 1911. The storm is 
memorable because it caught the crowds on Epsom racecourse, 
as the day was Derby day, and impounded the members of the 
Gassiot Committee of the Royal Society (a recent creation in 
connection with the management of observatories) at the con- 
clusion of its first meeting at Kew Observatory. Richmond, bj' 
submerging the District Railway at Gunncr&bury and otherwise 
stopping traffic. Subsequently,® the same author has discussed 
in like manner the details of the distribution of cloud and rainfall 
in a notable tliunderstorm which occurred in the neighboiuhood 
of London and the south of England on June 14, 1914. 

Ill No. 8 of the “ Professional Notes of the Meteorological 
Office," ’ Captain 0. K. 'SL Douglas. R.A.F., discusses the obser- 
vations of temperature and humidity in the upper air obtained 
in Franco and " the conditions favourable for thunderstorm- 
development/’ Pie grou[)s thunderstorms into three classes : — 

{a) Those due juainlv to heated surlace air in line sunny 
weather. 

(6) Those associated with powerful uppei' ciUTeuts from 8W. 
the surface wind being \ifz\n and variable or south- 
easterly. 

^ The reader who \«'ishes to ermine recent tlieories of the origin of the 
electricity of thunderstorms may consult the following : Dr. U. C. Simpson, 
“ Phil. Trans. A.,” vol. 209. j). 379 ; “ Pliil. Mag.’’ (6), vol. 17, p. 019, 1909 ; C. T. 
R W'llson, '‘Proc. Camb. Phil. Soc.,“ vol. 13, p. 363, 1900; London, '‘Phil. 
Traiifa. U Soo.,” 221, 1920. 

■' Q. J. Jioy. Met. JSoc.," vol. 38, p. 105, 1912. 

* Q. J. Roy. Met. Soc.,” vol. 44, p. 245, 1918. 

4 “ Temperaturea and Humiditica in the Upper Air : Conditions favourable 
for Thunderstorm Development and Temporal uros o\ er Land and Sea *’ 
(M.O. Publication, No. 232h. 1920). 
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Pig. 164. — A. A (.'ollectiou of 15iiro^rainFj for July 20- !10, 1011. 
B 0. Mcteorogranis lor South Kcuaiuj^tou, July 28 and 20. D. Line.s 
of Pi'o^res.siou of tlio Tluiiider Squall from l-i h. to 23 L., July 29, 
from S\V to NK. Tho symbol p indicates the locality where a 
thunderstorm was noted. 
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(c) Those associated with very low upper air tempevatuvos in 
the soiith-wcsteily or nortli-VNeslerly cunents of cyclonic 
depressions. 

Here, for the present, we coniine ourselves to giving illustra- 
tions : (1 ) of a very wides])read scries of tliunderstorius on July 2K 
and 29, 1911. Maps lor 13 h, 18 li, and 21 li of July 29, and 7 li 
of July 30 arc given in Fig. 163. AVe quote from tlie “ Report of 
the British Association. Portsmouth Mcetins, 1911 ; — 

“ On the afternoon of July 28 tlie western districts of London 
were visited by a sevei’e thunderstorm and in the afternoon 
and evening of the follo^^ing days tliunderstornis occuiT(*d 
over nearly the whole of England and Ireland. The London 
storm (Fig. IGl) was accompanied by a squall of wind which 
reached lift v-1 our miles per hour at South Kensington, and the 
storms of .July 29 wore ])rocoded by a violent squall which 
raised clouds of dust particularly noticeable in South Wales. 
There were also marked oscillations of the sea on the south 
coasts (Fig. IGo). 

Mefceorograins from recordh taken at the Meteorological Office 
at South Kensington aie ^liown in Fig. IGl, B and C. That foi* 
July 28 was of the ordinal y thundei storm type — a sudden rise 
of pressure, which gradually loll oft, accompanied by a drop of 
temperature of more than 20° F., a wind squall of fifty-four miles 
per lioiir with a change of direction, piobably from E to RW, and 
a rain shower giving an inch of rain in less than twenty minutes. 
For the following day the sudden ri.se of the barometer was 
followed by violent fluctuations : there was little fall of tempera- 
ture, not much wind, and little rain. 

‘‘ Barograjus and aiiemograms Irom all parts of 1 he country show 
the shape of the crochets d'orage and the time of its occurrence at 
different stations. They show that the disturbance of July 28 
was confined to the neighbourhood of London. That of July 29 
was very widespread, as the harograms for that day reproduced in 
Fig. 164, A, show. 

“ The most characteristic curve was that from Watlingion, Oxon . 
Pyrton Hill, which showed that the arochet d'orage occurred 




Tig. 165. — Eecorcls ol the TliuuJerbtonu ot Jul3"29, 1911. A. 
Moteorogi’am for ralmoutli, 10 li. to 22 li., 29th. B. Meloorograiii 
for the Badcbfte Obbervalory, Oxford, 14- h., 29tli, to 2 h., SOtli. 
C. Tide gauge at Newhaven Harbour, 6 h., 29th, to 6 h., 30tli. 
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while the pasf-’noe of a cley)ression was in progress, apparently just 
before the minimum was reached. The crochet of disturbance 
gave an M-shapod figure, which it took about two hours to 
complete. A somewhat similar figure is noticeable at many other 
stations in the region of the south and west. 

“ The weather maps showed that the storms of July 29 were 
incidental to the setting in of a south-westerly current of air, 
replacing an easterly current which had formed the northern part 
of a 'shallow low-pressure to the south-west of Britain. By the 
following morning, July 30, the new south-westerly current formed 
the eastern section of a well-developed cyclonic depression with 
its centre off the u cst of Ireland. 

‘‘ The barograms showed that the crochet disturbances could be 
arranged in isochronous lines indicating the advance of the crochet 
and its attendant squall with a linear front, which passed over 
Scilly at about 2 p.m. on July 29. Over England the front was 
generally ranged from NW to SE, and it advanced with the SW 
wind, but the lines were bent a])parently over the Irish iSea, and 
the direction of the front over Ireland was not very well traced. 
The disturbance advancing with, this front was attended nearly 
everyw’here by tlrunderstonns, hut in the north of England its 
intensity was much diminished and it w^as barely recognisable in 
barograms for the north of Scotland on Sunday morning. The 
anemograms showed that at many stations in the south the wind- 
squall commenced at the full strength of gale force without any 
preliminary gusts. The lines of advance of the thunder .squall 
arc shoAvn in Pig. 104, 1). 

“ The peculiarity of the disturbance is its M-shape and its line 
of advance in Iront of a SW wind. It is thus distinguished from 
the ordinary type of line squall, which has a V-shaped crochet, and 
fomc.s from the W or NW.*' 

Ollier illustrations of this remarkable storm are given in the 
metoorograms for Falmouth and Oxford (Pigs. 165, A and B), 
and in the record of the tide gauge of Newhaven Harbour (Fig. 
165, C) which shows remarkable fluctuations caused by the storm. 

(2) We give also a map illustrating the tornado which passed 
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‘'over South Wales on October 27. 1913 (Fig. 166), during which 
the lightning display was very remarkable. It uas said to have 
set fire to a roadw a}’’ recently coated with tar. 

(3) Also maps of the conditions under which a “ cloud-burst 
was said to have occurred as the cause of a flood which suddenly 
overwhelmed the toum of Louth during the progress of a thunder- 
storm in the afternoon of ilay 29th, 1920 (Fig. 1G7 a and b). 


1920. May 29. 
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Fics. 167 a.— S ynoptic Charts illustrating the Louth Flood. 

We have drawn a distinction between sea thunderstorms as 
winter phenomena and land thunderstorms as summer pheno- 
mena. We might also amplify the contrast by the remark that 
land thunderstorms occur most frequently in the afternoon 
whereas sea thunderstorms are apt to occur at night. We may 
perhaps develop this idea by premising that the instability wliich 
causes the violent thunderstorms which are sometimes experienced 
over England in the night or early morning is due to exceptionally 
warm and moist air which has come from the western or south- 
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western sea and has taken .some hours to roach the elevation* 
uhere the instability began. On occasions we may watch a 



cumulus cloud drifting from the south or south-west and gradually 
getting thicker by the development of its head until it becomes a 
cumulo-nimbus. If we take account of its horizontal motion as 
well as the vertical movement we may make an estimate of the 
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^time which it must have taken to vise from the surface and the 
distance from which it started. The slope of the line of resultant 
cloud motion as thus computed is sometimes so slight as to point 
to the regions beyond the coast as the locality from which the 
rising air started. Whatever truth may be in this speculation it 
may at least lead us to conclude that the air which forms the 
thunderstorm over our heads is certainly not the air which has 
started from the ground at our feet. 


Xole . — Apiil 20, 1923. Thuncleislorni.'^ in A\inter have been the 
subject of a number of recent pa])eiB: Mr. E. V. Newnhani has 
dis(*iis^ed their formation in a P!ofes«?ional Note, No. 29, M.O. 
24 5 t, aucl Captain Douglas in the Meteoiological Magazine lor 
Apiil, 1923. Captain Cave has treated of their frequency in 
Q. J. Roy. Mel. Soc., vol. 49, p. 48, 1923. These papois throw 
some additional light on the poinis raided in this chapter. 



CHAPTER XV 

THE UPPER AIR FORECASTS FOR AIRCRAFT 

In recent years our knowledge of tht* iip[)er ajr lias been 
lai'gely extended by investigations with manned balloons, 
captive balloons, free unmanned balloons or ballons sondts, ])ilot 
balloons, and kites. To these acroplane^ may now be added. 

From manned balloon ascents we can learn something of 
the actual trajectories of air, j^rovidetl the balloon has been 
kept within what we may call the same current, A balloon 
that simply floats at the same level in a horizontal ciiiTent 
drifts along, and its trajectory is that of the air which 
forms the current, but there are many occasions, as we havo 
already seen, w^hen the currents at different levels are in 
different directions, and on such occasions the direction in 
which the balloon drifts must be dependent to some extent 
upon the level at which it floats. Moreover, tlie course of tlio 
air itself can seldom be truly horizontal, so that if the balloon 
is kept strictly at the same level it gradually separates from 
the air which has been bearing it; hence the horizontal 
projection upon a map of the trajectory of a balloon may ho 
different from the surface trajectory of air, and sonietiiuos 
considerably so. In order, therefore, pro^ierly to co-ordinale 
the information derived from the track of a balloon as plotted 
on a map we require to know the heights of the successive steps. 
The heights can be obtained from the air-pressure as read 
on a barometer, provided that the temperature of tho cohiinn 
of air from the balloon to the ground is also known. This 
requires accurate readings of temperature, which are difficult 
measurements for balloonists, because the thermometer is 
liable to be much affected by the sun’s radiation, either directly 
upon the instrument or indirectly through tho effect of tlm 



408 


FORECASTING WEATHER 


‘‘envelope or car of the balloon. Arrangements have therefore to 
be made iov beeping the thermometer out in the air some five 
feet away from the car, for reading it with a telescope, and for 
protecting the bulb by a highly polished metallic envelope, and 
producing an air current over it sufficient in velocity to obviate 
any error due to radiation. The apparatus which is in general 
use for this purpose is the ventilation psychrometer designed by 
Professor Assmann. As its name implies, it provides for a wet 
bulb as well as a dry bulb, so that the humidity can be deter- 
mined at the same time as the air temperature. Strictly 
speaking, something more is required than the readings of the 
air temperature in the balloon, because we want to know the 
temperature of the column between the balloon and the earth, 
and the temperature at the ground is not generally known, but a 
reasonable approximation can be made to it in ordinary 
circumstances. 

As a rule manned balloons keep witliin the limit of 

10.000 feet, but they are availaljlc for observations up to 

20.000 feel, and on exceptional occasions have been up to 

80.000 feet. The last-named limit is practically also the limit of 
the highest clouds, and manned balloons may be especially useful 
on account of the opportunities which they afford for the study 
of cloud forms, by photography or otherwise, from a point of 
view unattainable on tnra lirwn. The voluminous publication 
of the Berlin Aeronautical Society, ‘‘ Wissenschaftliche Luft- 
fahrten,” may be referred to for some interesting examples of 
pliotographs and sketches from balloons. 

Captive balloons, cither of tlie ordinary form or in that of 
Ihe balloon kite of the German Aeronautical Service, give 
results similar to those of manned balloons or kites, but they 
are restricted to more limited heights. 

The free unmanned balloons, or ballons sondes^ wffiich carry 
self-recording instruments according to the plan of Hermite 
and Besan 9 on, have been largely used in recent years for 
obtaining information about the higher strata of the atmo- 
sphere. A record has recently been obtained from the great 
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keiglit of twenty-three and a halt miles, and lu iuhts of ten 

fiftoen miles have Iroquently l)een roaohed. Asociils have been 
made in many countries on an inTeriuitional basis, and it is lioped 
that the co-operation of tlic countries interested in the study of llu‘ 
air will shortly be restored . At groat hc‘igliLs water vapour ceases 
to have much ini])orlanee as a constituent of the atmosphere (see 
]). 220). and attention is concentrated mainly upon the records of 
tempeJ’atiiTe. It has been clearly establislied that up to a height 
of about ten kilometres in these latitudes, a greater height in 
equatorial regions, and a less height in more norihei’n lati- 
tudes, the temperature falls off at a rate which correspoiuls 
nearly with that of the adiabatic for saturated air, about ■5(5'^ C. 
for 100 metres, or 1° F. for J300 foot. When the critical height 
is reached a sudden change in conditions takes place. The 
temperature either rises again or becomes stationary as regards 
the trajectory of tho individual balloon, ])ut it changes con- 
siderably from place to place and from day to da,y. A very 
good general idea of the state of affairs in the atmosphere as 
regards the variation of temperature with height may bo 
obtained by an examination of Fig. 108, which shows the 
curves of change of temperature with height above sea-level 
obtained from halhn sonde ascents reported to tbo^feteorological 
Office ill 11)07-8. 

The results alr(‘adv obtaiiKMl ba,ve enalilcd us to give tho 
provisional sketch of tlie Icmperaturc ol (lie atinosplioro whicdi 
ap]i(‘ars in Fig. J2. Wc must cloarlv regard the atmosjihere e-s 
divided into two portions— the u])]jer, jiioi'o or less isothermal 
portion, to wbicli M Teisserenc dc Boit lias given tlio name of 
strainHpl}ere, and the lower portion, in which there is a fairly 
regular fall of temperature with height, and uliich he has (’ailed 
the troposphere. The tro|)osphcrc is thicker at tho equator than 
at the poles and tlie temperatuns of the superincumbent strato- 
sphere is colder there : indeed, the coldest aii* in our atmos])here 
is to be found in the stratosphere over the equatorial regions. 
The name tropopause has been coined to indicate the boundary 
between the troposphere below and the stratosphere above. It 
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CURVES SHOWING CHANGE OF TEMPERATURE WITH HEIGHT ABOVE SEA- LEVEL 
OBTAINED FROM BALLON- SONDE ASCENTS 1907-f 
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is indicated on Fig. 12 by a shaded band highest at the equator 
and slo]jiiig downwards towards either pole. 

The stratosphere is, as a rule, beyond the reach of aeronauts, 
except, perhaps, in the ai’ctic and antarctic regions, so that we 
need not deal with the results of this investigation further than 
to suggest that the changes of temperature which have been 
disclosed in these high altitudes must be associated with 
changes of i)ressure. Any such changes of pressure are 
transmitted to the surface and affect our air currents in ways 
with which we are at present unacquainted. 

Ballons sondes give us very inadequate information about 
the air currents which they penetrate, unless they are observed 
from below with theodolites. For the most part they reach 
the earth again at some place to the east of the starting point, 
hut they carry no record of the details of their journey, and 
they sometimes retrace in the upper regions the steps which 
they took in the lower. 

Watched by theodolites from minute to minute they afford a 
most effective means of determining the direction and magni- 
lude of the currents in the upper air, and are on this account 
of the greatest utility for aeronauts. For this purpose, also, 
balloons smaller than those required to carry self-recording 
apparatus may be used, and a very simple equipment of two 
theodolites, a stock of balloons, and some steel bottles of 
hydrogen enables aeronauts to make most useful explorations 
of the state of the air currents overhead. Balloons of this 
kind have now been introduced into the recognised equipment 
of a selection of the telegraphic reporting stations at compara- 
tively little expense and with great advantage in forecasting. 
The smaller balloons without instruments, and generally mthout 
theodolite observations, are known technically as pilot balloons ; 
recently their use in meteorological investigation by the intro- 
duction of theodolite observations has become much extended. 

The last method which we have to mention for exploring 
the upper air is that of the kite which has been used in many 
countries to carry self-recording instruments in favourable 
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weather to a height of 10,000 feet (3,000 motves). "With proper 
equipment, greater heiglits are attainable, but in view of 
the restrictions of the conditions, it is doubtful if the biglier 
ascents yield an adequate rewai’d for the additional ellbrt. 
Kites are only available within a certain restriction of 
meteorological conditions. Tljere must be wind enough in the 
surface layers to raise the kite, and not enough in the upper 
air to carry it away altogether. As the forms of kites are 
improved the range of availability is widened, and in course of 
time we may come to arranging for kites to be kept up more 
or less permanently in the air and for informal ion to be 
obtained from them at fixed hours by running up a “ I raveller,’* 
as has been done experimentally in connection with the Indian 
Meteorological Service. In Goriiiany and in the Tnited States 
kites are used to give daily readings of temperature, humidity 
and ^^ind velocity in the upper air. In this country daily 
observations organised by the University of Manchester were 
made at the Howard Estate Meteorological Observatory at 
Glossop Moor during the years 1908 and 1909: occasional 
observations were made for some years at Oxsliott or Pyrton 
Hill, Brighton and Ditcliain Park. The observations made in 
this country have been published week by week in the AVockly 
AVeathcr Report since the beginning of 1900. The observatory 
of Professor A. L. Kotcli, of Blue I Jill. Massachusetts, is justly 
celebrated for its contributions to the development of the use of 
the kite in meteorological research. 

In consequence of the active investigation of the upper air 
in many countries by the mctliods named wc arc now in posses- 
sion of a great deal of new inforinaiion which is gradually being 
incorporated in meteorological work.^ I propose to give here 
in a few sentences the results of the investigation which have lent 
themselves to effective generalisation. 


So far as temperature is concerned there is on tlio average, 

1 See “ The Free Atmosphere of the Uritish Tslcs ” (Jl.O. Publication *>02 
1909) ; “ Gooi)h.vMeul 3Iomoirs,*’ No. 2 (M.O., 210b, 1912) ; “ M’ho ClmracloriBtLcs 
of the Free Atmosphere, Geophysical Memoirs,’’ No. 13 (M.O. 220c, 1919). 
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as I have already mentioned, a lapse-rate of temperature of about 
1° F. for 300 feet up to the limit of the region likely to be reached 
by aeronauts, but vithiii the first two miles the la]).se-rate is 
very irregular. Indeed, it may vary from something more than 
the adiabatic la])se-rate for dry air, 1® C. for 100 metres, to zero 
or a negative quantit}". There are quite frequently inversions of 
la])sc-rate or negative lapse-rates — that is to sa)’’, after falling 
with elevation for some distance the tcnipci-ature rises again ; at 
still greatoi’ heights the fall recommences. Negative lapse-iates 
are often to be found in winter in the surface layer itself in conse- 
quence of surface cooling. They also occur frequently when a 
cloud layer has boon traversed, and as there may be several 
separate cloud layers in the path of a balloon or kite the variations 
of temperature may be very com])licated. They are, indeed, 
too comi^licated for general practical rules to be drawn from 
them. An aeronaut who wishes to take account of the changes 
of temperature which he will meet must give something more 
than cursory attention to the results obtained from the upper 
ail’ investigation, and provisionally must draw his own con- 
clusions. The diagram, Fig. 1G8, sufficiently illustrates the 
complexity of this subject in the lowest strata of the 
atmosphere. 

The variations in humidity are even more irregular than 
those of temperature. The diagrams prepared for ‘'Barometric 
Gradient and Wind Force*’ (Fig. 109) illustrate the great 
diversity in the measurements of humidity obtained by 
Mr. Dines at Oxshott in the year 1905. The diagrams show, 
by means of points at ground level, and at 500, 1,000, and 
1,500 metres above it, how the liuiiiidity varies from its value at 
500 metres taken as datum point. An increase of humidity at 
the higher level is shown by the point for that level being placed 
to the right of the 500-metre point according to a scale given 
ill the diagram. The variation is greatest with south-westerly 
winds and least with north-westerly. The numbers on the 
diagram indicate the number of observations of ^^llicIl the 
average has been taken. 
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The diagrams sbov by how much the humidity at the eeveral stages, 
grcmud-level, 1,000 metres, 1,500 metres, and 2,000 metres differs from 
the humiditv at 500 metres. The difference between two vertical linei; 
represents 10 per cent. Dotted lines show extreme limits oi variation. 
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One cannot say that the variations of wind velocity with 
height are more free from irregularity so far as observations 
go, but we are able to draw from them some more general 
conclusions than is possible in the case of the other elements 
referred to. In the first place, it has been shown that as a 
general rule the computed gradient wind velocity is more 
nearly approached both as regards direction and speed at a 
considerable height above the surface, say at 500 metres, or 
1.500 feet, than it is at the height of an ordinary anemometer. 

We have already, in Chapter IV., discussed the variation of 
wind, as regards both direction and velocity, from the surface up 
to the level where it agrees with the gradient wind. In the higher 
regions, after the gradient velocity has been reached, all sorts of 
different conditions have been identified by means of pilot balloons 
Sometimes the velocity increases considerably beyond the 
gradient velocity without any change in direction ; sometimes 
it falls off nearly to nothing and the direction becomes 
reversed. Sometimes the gradient velocity is never actually 
attained. Here we have to deal with two separate issues ; first, 
the meteorological conditions may be such that the wind 
velocity, quite apart from the friction of the surface, is not in 
the steady condition which the gradient velocity truly repre- 
sents ; and secondly, the gradient velocity itself may be 
different indifferent levels. The meaning of these exceptional 
cases is at present a subject of investigation. Some information 
healing on it may be found in ‘‘ Manual of Meteorology, Part IV.” 
(Cambridge University Press, 1919). 


FORECASTING FOR AERONAUTS 

The application of our knowledge of meteorology for the 
information of practical aeronauts is to a certain extent a 
separate branch of the subject. The pilot of a balloon or an 
airship wants detailed information as to air currents and 
weather conditions perhaps for only a few hours ahead, which 
are not of much practical importance for other people, and 
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^vbich are not included in an ordinary forecast of weather. 
Supposing that the general inference set out as the basis of 
the forecasts is correct, it has to be interpreted to meet the 
special circumstances of the aeronaut. The interpretation 
requires the combination of the knowledge possessed by an 
aeronaut and a meteorologist, because the aeronaut alone 
knows tlie special conditions ^^hich he wishes to make use, of 
or to avoid, and the degree of probability for a meteorologist's 
anticipations of changes depends ui^on conditions which ought 
to be appreciated by the person who takes the risks, but which 
cannot easily be expressed in words. 

Let us take, for example, the case of a south-westerly or 
westerly current ; there is always in such currents the chance 
of a line-squall uithin twelve hours which might be fatal to an 
airship away fiom its base, but the chance of using telegraphic 
information to avoid such a mishap depends on the posiiion 
of the station and the possibility of the squall passing the out- 
lying stations without being identified. Something more 
than a forecast of local sho\vers, and a general recommenda- 
tion to “look out for squalls,” is wanted before an aeronaut 
could decide wdiether or not he ought to take the risk. An 
aeronaut with a comi:)etent knowledge of meteorology and of 
the sort of information which is included in telegraphic 
reports, and the hours at wdiich they are ordinarily made, 
could easily frame questions to which definite answers could 
be given either by a map before him or in reply to telegraphic 
inquiry. 

Moreover, an aeronaut may wdsh to know what the varia- 
tions of the currents in the upper air will be, and whither 
they would carry a balloon in a free run, or what prospect there 
is of using adjustment in the vertical to get over difiBculties 
offered by the surface current. These are problems of detail 
for w^hich a meteorologist can often suggest a solution, but it 
requires the supplementary assistance of local knowledge more 
than does the ordinary forecast for local agricultural purposes. 
Tt is useless, for example, to look for a return current from 
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the west over a surface easterly current if the highest clouds ^ 
seen from the station are drifting to the west. 

Further, it is important that the aeronaut who wishes to 
make use of a forecast should recognise for himself the signs 
of its progressive fulfilment or its failure. If, for example, it 
has been anticipated that a depression of some depth will pass 
over a particular locality, the anticipation may fail in important 
detail, because the depression takes a different course from 
what is anticipated, or because it is itself either less deep or it 
travels slower or faster than the forecaster thought it would. 
All these variations from the expected are to a certain extent 
indicated by barometer and wind observations on the spot, 
and the local information, therefore, may supply the necessary 
corrections. 

With his local knowledge the observer in the locality could 
make out a time-table for the succession of events, which 
W'ould be quite serviceable for his own purposes, but he 
would be ill-advised to publish ittirhi ct o)hiy because the reser- 
vations that he would make as to certain anticipated conditions 
being fulfilled would be known to himself, but not to the 
general reader who would attribute equal authority to every 
item of his specification. 

Hence it would appear that the proper course to be pursued 
with regard to forecasts of weather for the use of aeronauts is 
for someone attached to the aeronautical dep6t to be placed in 
charge of the means of making meteorological observations in 
the locality, which would be constantly brought into com- 
parison with the anticipations of a general inference. He 
would thus become acquainted with the special modifications 
incidental to the various types of weather, and be able to 
fill in the details for the use of himself and his colleagues. 

CALCULATION OF THE TRACK OF A FREE RUN 

One of the most direct applications of the use of synchronous 
charts for aeronautical purposes is the calculation of the free 
run of a balloon. For this purpose the determination of the 
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gradient wind velocity is the first necessity, and to that we 
must add an anticipation of the manner in which the baro- 
]netric distribution is likely to travel and to change. The 
various kinds of trajectory for a free run under various con- 
ditions, supposing that the surface current is used for the trans- 
port, are rcprcbented by tlie various trajectories drawn in the 
“ Life History of Surface Air Currents.” Calculations of this 
kind have been used on various occasions for selecting an oppor- 
tTUiity tor crossing the Channel in a balloon, notably on two 
occasions of attempted long-distance journeys for the Daily 
Gfaphe. the first of which landed the aeronauts in Sweden 
and the second in Russia, and also on the occasions of the late 
Mr. 0. P. Pollock’s adventurous journeys to North Germany, 

MODERN DEVELOPMENTS 

AVlien the preceding paragraphs of this chapter were written the 
use of aeroplanes and airships had only just begun. The cxi^eri- 
ence upon which it relied was found almost entirely in the appli- 
cation of meteorological information to the requirements of pilots 
of manned balloons. Within the past twelve years, and especially 
during the war, the whole situation has been changed. The 
number of pilots of aeroplanes grew until they were numbered in 
tens of thousands : airships wore in regular use for the patrol of 
our coasts. The kite-balloon, which has already been referred 
to, became an established method for sending up observers to a 
height of some thousands of feet for various ijurposes, and the 
design of the balloons themselves and of the gear for manipulating 
them was developed to a high degree of perfection. Towards the 
end of the war apparatus was designed for obtaining automatic 
records from kite-balloons, so that the services of an observer 
might be dispensed with and a corresponding additional height, 
perhaps up to 15,000 feet, reached. At the same time additional 
methods were devised for obtaining the velocity of winds at 
different levels by observations upon the smoke of shells fired from 
guns to great elevations and timed to explode at suitable levels. 
The motion of the smoke could be measured either by tracing its 
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track on miiTors at the ends of a suitable base line for obtaining* 
satisfactory estimates of the height and distance, or b}" the 
observer of an aeroplane flying through a scries of puffs repre- 
senting ex])losions at fixed intervals and at approximately the 
same height. Such methods are too ex])cnsive in ^vorking for a 
meteorological establishment in peace time, but the use of a 
kite-balloon to obtain automatic records irrespective of the 
presence of clouds, which interfere for different reasons with the 
operations of a pilot balloon and an aeroplane, is sufficiently 
desirable to justify the expense for a select number of stations 
designed to supply information for aviation and for gunnery. 

In the meantime the policy of employing a trained meteoro- 
logist at aerodromes, which was indicated on p. 41 7, has also been 
developed. It began before the war, first at South Farnborough, 
and then at the Central Flying School at Upavon. It was then 
extended to a number of airship stations at points on the 
coast and at various centres in the several theatres of war, and 
has now come to be recognised as an essential part of any organi- 
sation for aviation, whether military or civil. Such centres enjoy 
special facilities and become important stations for meteorological 
observations in the upper air. The connection between meteoro- 
logy and aviation has become so close that the Ministry which has 
become responsible for aviation has taken over also the respon- 
sibility for the national meteorological services ; and the Meteoro- 
logical Office which, on account of its scientific responsibilities 
from 18G7 up to 1919, had been independent of ministerial control 
and responsible only to Parliament through the Treasury for the 
expenditure of the public funds assigned for its maintenance, 
became attached in that year to the Air Ministry through the 
Department of Civil Aviation. The official aerodromes have now 
become the chief centres for the daily supply of information for 
the study of the upper air, and the forecast-service of the Office 
has for its primary and immediate object the satisfaction of the 
requirements of aircraft. 

The application of meteorology for the purposes of aerial 
navigation has therefore become the leading line in the practic il 
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applications of meteorology : and the traditional applications to 
gale or storm warnings for ships, fogs on land or sea, agriculture 
and colliery warnings, which are set out in five chapters wluch 
follow, have taken their place in a much more elaborate system 
in which the navigation of the air is prominent. We must 
therefore commence our sketch of the practical applications of 
the use of the weather map with the presentation of the system 
adopted for aircraft, instead of, as formerly, beginning with the 
warniug.s of coming gales. 

The a])plication fv)vers a very large range. We may begin with 
the forecasting of an aeroplane from London to Paris by four 
short stages of half an hour each, and lead up to the mapping 
of the world’s air ]outcs, and the selection of the most suitable 
sites for aerodromes on the routes, or, more likely, to the criticism, 
from the point of view of weather, of the selection that has been 
made on other grounds by people who regard the weather in the 
light of a new proverb that what cannot be endured must (of 
course) be cured. That order of arrangement is not attractive 
to meteorological science because forecasting for half-hour stages 
by circulating, hour by hour, reports of the weather ab each of the 
aerodromes on the wav is too much like forecasting the state of 
the line between London and Edinburgh for the Scotch express ; 
it degenerates or is ajjotheosised into signalling. It is an achieve- 
ment of organi.sation and comniunication, not of true comprehen- 
sion of the frowardness of weathei*. 

Let US therefore begin on the larger scale and consider the 
mapjnng out of the air routes of the world. We may remember 
that the Atlantic has been crossed by an airship, both from east 
and from west, and by aero])lanes from the Avest by tAVo routes, 
a significant difiercnce. 

Australia has been reached by the travel of an aeroplane from 
England in suitable stages : bu1*the attempts to reach Cape Town 
were not so successful. The difference of the circumstances is 
expressed by the meteorological conditions incidental to height 
of the land in Central Africa. They were fairly well knoAvn before 
the attempts Avere made, but not sufficiently so. 
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For lie mapping of tlie air routes of the world the distribution ’ 
of pressure is the safest guide on the understanding that in the 
region where aeroplanes fly the air currents are along the isobars, 
and at those heights the run of the isobars is not very difierent 
from what it is at the surface. The normal change with height 
is, moreover, a legitimate object of meteorological study. We 
have shown the distribution at the surface in the charts of isobars 
of the globe in Figs. 9 and 10. The representation there given is 
not so expressive as it ought to be because Mercator’s projection 
on which those maps are drawn gives a very misleading impression 
of the relation of northern latitudes where we live to the etjuatorial 
regions which we may have to cross. We will therefore replace 
them by the new figure for July (Fig. 11, p. 56) and add to the 
representation of the isobars a sufficiently probable representation 
of the normal winds deduced from them. 

The subject of the air routes of the world, regarded from this 
point of view, was treated by Lord Montagu of Beaulieu in a 
lecture tor the Royal Geographical Society on June 21, 1917, and, 
further, in a subsequent lecture by Sir Frederick Sykes, Con- 
troller-General of Civil Aviation, before the same society in 1920. 

The selection of an air route on the basis of the prevailing winds 
as deduced from the distribution of pressure is not the only con- 
tribution ot meteorology towards meeting the needs of aerial 
navigation over gi-eat distances. We have to supply particulars of 
the normal prevalence of cloud, rainfall and fog, which are of 
importance for navigation, as well as of temperature, pressure and 
density, which are of importance for engines. All these lie within 
the store of information from all parts of the world which every 
national meteorological organisation aims at including within 
its responsibility, and which finds expression in the choice, not 
only of the most suitable routes, but also of the most suitable 
season and the most suitable time of day for the various stages 
of the journey, by the study of the seasonal and diurnal variations 
of the meteorological elements. 

Th6se, however, go beyond the immediate purpose of the 
method of weather charts with which we are at present concerned. 
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* Tliat takes its place as a means of keeping tlie pilots of aircraft 
informofi of the oonditiojis of weather along the linos ol route and 
the pros])e(‘ts ol the more or less immediate future. It involves 
the extension of a common .system of organisation for mapping 
and for di’awing deductions over extensive areas that must in 
time cover the greater part of the globe and will require not only 
the intimate co-operation of the established meteorological 
services on land, but also the assistance of ships within the range 
of the shore establishments by ^Yircless telcgrapliy, which can 
sup})ly ob.servations to be incor])orated with the charts for the 
moi’o frccpientecl areas of the globe. 

Such was the acknowledged position of meteorology at the end 
of the war that it was made the subject of an “ annex ” to the 
Treaty of Peace in 1919, which prescribed the general form of 
telegrai)liic rc])()rts iccpiired for cliarts suitable for the recpiire- 
irieiits of aircraft and the organisation of wireless telegraphy for 
exchanging them between the associated countries. The regula- 
tions ]3fescribed the organisation of observations four times daily 
and the elaboration of the oh.servations themselves in much 
greater detail than had previously been reached by inter- 
national organisation. They also prescribed special observations 
of visibility on land and sea as well as of wjives and swell at sea, 
and provich'd codes in which the new observations should be 
re]3orted. 

The new scheme is Jaiily represented by the information which 
is now contributed to the Daily Weatlier lle])ort of the Meteoro- 
logical Office and is shown in facsimile of the report which appears 
as Pigs. 4. 0 . and G. 

The hours chosen for ob-;ervaiious are 1 h., 7 h., 13 li. and 18 li. 
G.M.T., so that maps are now drawn for intervals of five, six or 
seven hours. For the air routes the information is ft»upplemciited 
by observations every hour. Hence the meteorologists at the 
aerodromes are enabled to provide estimates of the present state 
of the weather along the routes and the prospects for two or 
more hours ahead, while the Central Office can proviefij in addition, 
forecasts for six hours or for longer periods up to twenty- four * 
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hours, with a further outlook beyond that period, limited only* 
by the inferences which the forecaster can draw from the mapb. 
taken in conjunction with liis experience of the behaviour of the 
w'^eather in similar circumstances on record. 

Thus the use of the weather maps, of which we traced the 
beginnings in our first chapter, promises to become a world-wide 
organisation in the special interest of aircraft worked upon a 
system common to all the meteorological services and furnishing 
matciial for maps of the whole globe. 



CHAPTER XVI 

FORECASTS FOR SEA AND AIR: VISIBILITY 

Closely connected with the meteorological problems con- 
cerning aerial navigation is the difficult question of visibility. A 
scale for reporting tlic distance at which selected objects are seen 
at the reporting stations has been given already in Chapter 1. 
The ‘-ubject is e([ually important for navigation in its customary 
meaning as applied to the sea. There are many points of diffi- 
culty ill connection with the relation between the distance of 
viMbilitv and the meteorological situation uhich form the subject 
of a memorandum prcjiared for the Admiralty in 1918. Until the 
observations which are now being made at the meteorological 
stations and on board ships come to be collated and examined the 
subject cannot be treated on the basis of {-tatistical results. But 
some guidance on points of interest may be useful. The memo- 
randum ol 1918 is thoiefore reprinted here, and a note by Mr. 
Charles Harding, foimcily piincipal assistant in the Marine 
di\ision of the Meteoi ological Office, is added, upon the results of 
an analysis of a large number of observations of visibility on the 
North Sea as the only available data based on observation. 

In the memorandum the que'.tion of visibility is brought into 
relation with turbulence and mixing of the lower layers of the 
atmosphere, and the same physical process is invoked again in 
discussing Ihe loimation of sea log in Chapter XIII., and land fog 
in Chapter XML It has been thought best to retain the full 
text of the memorandum and to ask the reader to excuse the 
repetition instead of attempting to bring both visibility and fog 
under one heading. 

The question of the association of the variation of transparency 
of the atmosphere which governs the distance of visibility, with 
specified meteorological conditions, is a very diflicult one. Its 
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study lias never been incorporated into the ordinary work of 
meteorology and the whole subject of meteorological optics has 
been very much neglected in this country : no one has made it a 
special study although Dr. J. Aitken has made some contributions 
to it. In the Beaufort notation there is an assignment of the 
letter v to mean unusual visibility ” and Dr. Aitken has urged 
from time to time that a more definite meaning ought to be given 
to the symbol by meteorologists by giving the distance of visibility. 
But very much dcjiends upon the time of day, the lighting and the 
surroundings of the observer at the time that he makes his 
observation, so much, indeed, that nothing but confusion would 
result from an endeavour to collect such observations in the 
ordinary way from the observers at the regular stations without 
careful preliminary instruction to secure co-ordination, that 
nobody is in a position to give. The unusual visibility which is 
indicated by v is differently defined by different writers ; some 
regard it as meaning that the observer can see a great distance, 
and others say that by v is meant that distant (but not very 
distant) hills, with the details, look peculiarly near rather than 
])eculiarly clear in the sense of being visible an unusually long way 
off. 8o far as I know, the observations of v at the various 
stations of the Daily Weather Service have not been collated. 
In a vague way the v is regarded as a prognostic of a coming 
depression ; there is probably some authority for that, though I 
cannot quote it off-hand. The occasions of v could easily be 
taken out, and might usefully be so, but I think it would be 
necessary to go to the original sheets. In the Daily Weather 
Report I find it difficult to distinguish between v and r. 

The question is a very intricate physical and meteorological 
problem. It is not possible to take it in the ordinary stride of a 
tgeneral Meteorological Office ; it ought to be made the special 
(occupation of some one who is very fully acquainted with the 
tihysics of the atmosphere and has experience of the sea as well 
'is the land and opportunity for acquiring more. I have been 
asked from time to time by the Superintendent of the Marine 
Division to fix a scale of visibility according to distance, to be 
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used by the observers for the Ofihcc, but it has always seemed to 
me to come ])oriloiisly near to fixing an observation by what you 
‘‘ cannot see.’* Every efiective obseivation must be based upon 
what one does see, not upon vhat one does not, and a statement 
in efiect that one cannot sec another ship two miles off implies 
as a preliminary, the assurance that there is a slii]) to be seen. 
For example, as ovidenco in a court of law or for meteorological 
statistics, A. an officer of a certain shi]), stating that on one 
occasion he was unable to sec another sliip two miles off and on 
anotlier ocea-ion he saw one, is not at all definite about the 
atmospheie. 

Ultimately we arranged that our observers should note certain 
objects which they sec as they pass at known distances and so deal 
with the matter on the basis of what is seen, not how far they can 
see. The observations have not yet been summarised and what 
I have now to offer may be taken as suggestions which may assist 
in making an efiective classification. 

TURBULENCE AND MIXING OF THE LOW LAYERS 
OF THE ATMOSPHERE 

In dealing with visibility at sea vc arc concerned only with the 
lowest strata of the atniosjihere. those quite close to the surface, 
therefore vc ought to have always in mind a ])icture of the 
peculiar condition of the atmosphere there. The sutfacc is a 
fixed boundary of all currents of air moving over the surface and 
the movement over the surface causes eddy motion or turbulence 
of very iiTegiilar charactei* of A\hicli ^\e now know a good deal 
from the work of Major G. I. Taylor. The onci'gy necessary for 
the turbulence comes from the motion of the air. At a rough 
computation the velocity of the wind in the bottom layer is 
reduced by one-third over the sea and by two-thirds over the 
land. As the air flows on and on the effect of the tuibulence 
reaches higher and higher according to a law whicli Major G. I. 
Taylor has formulated for otherwise undisturbed air. This 
turbulence or eddy motion means that the lowest lavers of the 
atmosphere are always being mechanically churned up as long^ 
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as there is any wind — even when the wind is very light there is 
still eddy motion just as there aro eddies near a sliip's side when 
she is only just moving through the water. They are, in fact, 
better seen tlien than when .she is at full speed and it is just 
possible that wo may get a better idea of the turbulence of the 
atmosphei’c from watching the languid drift of air that we find 
in a fog — for a fog is never still — than by peering at the disorderly 
commotion caused by a strong gale going over sea or land. 

This mixing of the lowest strata by the eddy motion due 
originally to the Iriction of the surface may be accountable for, and 
in its turn affected hy many mctcoiological phenomena. It is 
indispensable for the formation of the normal type of sea-fog, 
viz., that which is due to relatively warm air moving over cold 
sea. It is probably accountable for the formation of layers of 
clouds over a large stretch of land or sea at an apparently perfectly 
uniform level. If we imagine, for example, a current of air like 
the north-east trade wind making a very long straight fetch and 
passing over gradually ’warmer sea : the air is always taking up 
more and more moisture and that is being churned and conse- 
quently getting 50 arranged that the air of the top is properly cold 
and nearly saturated — a little further churning results in conden- 
sation at the caps of the rolls. So perhaps we get the clouds 
which a])])car as trade-wind cumuli formed at a uniform level 
marked by the j)lace wbore churning of the surface layers just 
begins to give condensation (Fig. 7). 

The detached clouds known as “ scud,’^ or fracto-nimhus, 
which are often seen drifting underneath the dark nimbus clouds 
at the tail of a rain-storm, are probably also examples due to the 
condensation caused by the nicclianical churning of the lower 
flayers heavily laden with water-vapour in consequence of the lain 
pn the warm ground. 

Normal sea-fog is another case of cloud formed by churning, 
Iriginally due to the effect of the surface hut in a different way. 
yhat is caused by the mixing itself, not by the elevation which 
he turbulence ultimately gives to any particular specimen. 
Vlien the sea is cold it chills the surface air, the turbulence stirs 
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up the chilled air and mixes it with the warmer air above. If the 
surface air is cold enough the result of the mixing is a cloud. If 
there were no churning and tlierefore no mixing there would be 
no cloud. The moisture instead of being condensed in the air 
itself would be deposited on the cold surface like the drops on a 
cold glass. it is on land with fog and dew. If there is churn- 
ing there may be fog, if there is no churning there may be dew but 
no fog. 


CONVECTION IN THE LOWER LAVERS 

The next point to be borne in mind in thinking of the causes 
of visibility and its o])posite atmospheric obscurity, is the 
ph3"sical process known as convection because when convection 
is operative and vigorous the commotion of the air extends 
to great heights and any atmos^^h eric pollution of a mechanical 
chararter, such as smoke or dust, is rapidly dispersed and 
diluted so that the visibility is maintained at a reasonable 
Jigure, whereas if the mixing due to turbulence near the ground 
is the only mechanical operation going on, and convection on 
the larger scale is jirevented, the obscuring particles are kept 
within a comparatively thin layer and effectively ob'struct 
the view. 

Convection is usually described simply as the descent of air 
locally cooled in a warmer environment somewhere above the 
surface, or the ascent of warmed air (warmed, for example, by 
heated soil or sea) in a relatively unwarmed environment. The 
process is illustrated in the laboratory by wanning water at tbe 
bottom and showing that the warmed water rises and is replaced 
by water cooler than itself, or by cooling the water at the top 
and showing that the cooled water sinks. Many illustrations 
drawn from indoor or outdoor experience are cited, the ordinary 
heating apparatus for hot water, the draught up a chimney, the 
general cooling of ponds, and so on. But in the atmosphere there 
is something else to be taken into account and that is the distri- 
biitiou of temperature in the air from the ground upwards, whal 
is now called the ‘‘ lapse ” of temperature with height. It is this, 
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distribution of temperature in the vertical which decides how far 
warmed air will rise before finding its level. The reason for 
taking into account this distribution of temperature is the so- 
called dynamical cooling of air on the reduction of its pressure. 
Air which is rarefied is cooled automatically, so that generally 
speaking in the atmosphere the air is colder the higher up it is. 
As it is brought from below where the pressure is higher it cools 
and as it descends to the higher pressure it gets warmer. If one 
imagines a mass of air to be completely churned up and in that 
way thoroughly mixed, the top is not at the same temperature 
as the bottom but is automatically colder to the extent of 10® C. 
for a Idlometre or F. for 1,000 feet. The air, when thoroughly 
mixed, would then be in what is called ‘‘ convective equilibrium.’' 
If it were stirred up like a cup of stirred tea there would be no 
tendency for it to "" settle/’ for the one part to sort itself out at 
top or bottom. But when it is in that state if the bottom be 
warmed by ever so little the warmed air will rise and always 
cooling at the same rate aa its environment will always go on 
rising until it has got beyond the limit of the well-mixed air and 
finds a place where the temperature of tlie environment falls off 
less rapidly than that of the air as it rises. 

There is, therefore, a maximum la])se of temperature, a rate of 
fall of temperature with height in air at rest, which cannot be 
surpassed, and when that limit has been reached the whole mass 
is in a very sensitive condition ; any part that is locally warmed 
goes to the top without fail and any part that is locally cooled to 
the bottom. The bottom mav be the ground and there is an end 
of it — the top evidently cannot be the ground ; it is a place where 
the lapse-rate is less than tlio maximum and where the rising air 
can therefore rest. It is the more sure of resting there the greater 

J he defect of the lapse from the limiting rate. A place where 
onvection always stops is at the bottom of the stratosphere, from 
he beginning of which there is no lapse of temperature with 
]j[ieight. Lower down in the atmosphere there are formed, from 
ime to time, layers in which the lapse is reversed where the air 
[gets warmer with height instead of colder. That is generally the 
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case from the ground upwards in a fog for some distance beyond 
the top of the fog. »So there i< no chance of convection in a fog. 
The layer of air in wliicli teinperatui’o rises with height forms a 
sort of ‘‘ lid which cannot be penetrated by convection. Some 
time ago a friend of mine jnst returned from a balloon voyage 
told me that, in coming down, the balloon rebounded throe times 
from a cloud layer. The rebounds wore really due to the lid 
where, because the tempeTatnre was diminishing downwards 
while the pressure was increasing, the density got greater very 
quiclvlv and the balloon coming downwards quickly into the 
denser air found itself over-buoyant and went up again. 

A lid of this kind is gene^all 3 ^ perhaps always, to be found in 
and above the stratus-cloud of anticyclonic weather. It also 
probably accounts for the cloud sheet of strato-cuniulus that 
forms a level cano])y and is often persistent the whole day at 
about the ^ame level without rain. Such canopies or lids formed 
by a layer of air with reversed lapse or inversion of temperature- 
gradient, as it is sometimes called, are very important. We have 
scon that they are layers of very rapid changes of density so that 
the atmosphere takes on a condition more or less analogous to 
oil on water. They arc, therefore, layers of se])aration between 
parts of the atmosphere. The convection of warm air cannot 
penetrate the lid from below nor can that of cold air from above. 
The winds may be entirely different above and below both in 
direction and force. There is no mixing between one side of a lid 
and the other. 

The atmosj)liere of a cyclone can be differentiated from that 
of an anticyclone by the fact that as a rule the lapse of tempera- 
ture in a cyclone is very close to the limit whereas in an anticyclone 
it is often far from it. Very little warming, therefore, is necessary 
to produce a great convective commotion in the air of a cyclone, 
but a great deal is required in an anticyclone. Generally there 
is no “ lid ” to a cyclone until the great general lid, the stratosphere, 
is reached at 30,000 feet, more or less : in an anticyclone an inter- 
mediate lid is often to be identified. It can even be seen, for 
anticyclonic cloud is sure evidence of a lid, so also is fog. Generally., 
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after a clear niglit a lid lies on the ground itself and if it goes so 
far as to form fog the lid may stay on the ground all day. Bub 
in the day-time in sunny weather the surface air may be so 
churned, by wind and warming, that a layer of mixed (or isen* 
tropic) atmosphere, with the limiting value of the lapse may 
extend upwards from the ground for a little way and then stop 
at a lid — an inversion of temperature-gradient — an increase of 
temperature with height — ^that stops further convection. 

These remarks on the structure of the atmosphere in relation 
to convection can be summarised by a diagram (Fig. 170), 
representing a series of typical lapse lines. On this diagram 
Curve 1 represents the normal lapse line when the surface 
pressure is high, Curve 2 the corresponding data when the 
surface pressure is low. Curve 3 represents the limiting lapse 
line for an atmosphere consisting of perfectly dry air. Curve 4 
the corresponding curve for air which is saturated with water- 
vapour at the temperature of 278 t. (5® C,. 41° F.). The great 
permanent “ lid,” the stratosphere, is indicated by the bend at 
8 km. 26,000 feet in the cyclonic ” curve. Curve 5 shows the 
detail near the surface in the normal production of fog and 
Curve 6 shows the corresponding detail when there is stratus 
cloud about 1,000 feet up. 

In this discussion the word ‘‘ lid ” lias been used to indicate the 
impenetrability of a layer in which temperature is nearly uniform 
or increases with height. For mathematical purposes V. Bjerknes 
classes it as a *■' discontinuity.” ‘‘ Ceiling ” would be an expres- 
sive word, but it has already a technical meaning for aircraft, 
denoting the highest level which the particular machine can 
attain. After consideration I have come to the conclusion that 
the idea conveyed by the word deck ” is the most appropriate.) 
If Ave consider the stratosphere as constituting the “ main deck J 
of tlie atmosphere, we may contemplate the existence of “ low( 
decks ” within the troposphere wherever there is an inversion 
lapse-rate or a near approach thereto. The one objection is th^ 
in the case of fog we have a deck ” lying on the ground or on the 
sea. We are no better off with lid or ceiling, and as tlio image oi 
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a layer impenetrable in ordinary circumstances is oi great assist-# 
ance in considering the atmo?l)lieTe, we prefer to use the word 
“deck.” 

THE ELEMENTS OF ATMOSPHERIC OBSCURITY 

Let us next consider the elements of which atmospheric 
obscurity is made, and first run through the circumstances in 
which seeing is bad. 

1. A really thick fall of snow or a dust storm. 

2. Fog in its various degrees ot density. 

3. Drizzling rain. 

4. Heavy rain. 

5. The smoke cloud of manufacturing cities. 

6. The mixed cloud of smoke and water-drops possibly due to 

the action of sunlight on the products of combustion of 
fires and furnaces. 

7. The thin obscurity which is often logged as mist at sea and 

which obliterates the horizon. It may be due either to 
a very thin cloud of water or to dust, haze or smoke. 

8. The thin cloudiness that is often noticeable after heavy rain 

on warm earth. 

9. The splash and spray of breaking waves. 

1 0. The shimmer of a hot road in the sun on a bright calm day, 
or of a hot funnel or stove. 

It is evident that there are here three difieient ways in which 
seeing can bo spoiled. (1) by the drops of water or ice in the 
form of clouds including fog, snow or hail ; (2) by the mechanical 
loading of the atinos^^hore with soot or dust, volcanic or other, 
to which wc may add the possible condensation of drops due to 
the indirect action of furnace fumes : (3) the optical deterioration 
duo to striation in the air in consequence of the mingling of por- 
tions of unequal density. First, let me remark that the effect 
of any kind of obscurity except the last depends very much upon 
the way in which the illumination falls. If a searchlight is turned 
upon a tumbler of soda water in active effervescence the water 
will be seen to be capped by a cloud quite sufficient on the large 

r.w. 
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«Rcale to spoil ilic seeing. It is formed by the droplets thro^vn up 
b y the breaking b ubbles. Whereas, ordinarily, when the illumina- 
tion does not come from behind or across, no interference with 
vision is noticed. There are all sorts of variety of this effect. 
Tlic light from behind inay make a dark object invisible by the 
blind-screening effect of the illuminated jmrticles in front of it, 
but it may make a white object the better visible by the additional 
illumination obtained from it. 

These and similar circumstances have to be taken into account 
when assigning causes to the difference of visibility on otherwise 
similar occasions. One general remark may be made here, that 
the more ininulo the subdivision of the substance which causes 
the ob.sciii-ity ilie worse is the seeing. I was curious one day at 
St. Ives to watch how fluctuating the visibility of Godrevy 
light! 10 use was during a rainy day. On the following day there 
was a fog of very variable density, but there was no seeing the 
lighthouse at all. The lightest fog was worse than any rain of the 
day before. It was curious that on the fog-day one could either 
see the lighthouse clearly or not at all. A mere wisp of fog 
obliterated everything, but the rain only made it gradually more 
and more indistinct. The fog looked white but the rain never did. 
Perhaps wlien a searchlight is turned on to its object in a rain- 
storm it makes the rain visible and not the object. The experi- 
ment must often have been tried and the result is probably 
well-kno\^’n. 

SMOKE OBSCURITY 

Coming now to the mechanical obscurity due to soot or 
other solid fragments hereinafter referred to as pollution it 
may be remarked that the combined effect of many chimneys 
and funnels spoils the seeing of a good deal of atmosphere. 
In the first eight months of the war the atmosphere of Oldham 
gave a dc])osit at the rate of 250 metric tons per square 
kilometre ; the rate for Slalvern is 16 tons for the same period, 
so that at the best there is a good deal and at the worst about 
fifteen times as much solid matter in the atmosphere over the 
land. It goes, of course, down wind. I have known occasions 
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when the seeing was thoroughly well spoiled by London smoke* 
forty miles away and by Glasgow smoke fifty miles away. 
Volcanic eruptions have been known to affect the seeing all over 
the world and a dust cloud from Africa has been known to make 
good seeing impossible to steamers, not only on the South African, 
but also on the South American route. The travel of smoke 
obscurity is very different on different days. In brisk cyclonic 
weather when, as we have already seen, convection is active to an 
almost unlimited height, the smoke is carried away and produces 
little noticeable effect to the observer who is not specially inquisi- 
tive ; whether the effect can be noticed in the stricter scrutiny of 
a ship on patrol I do not know. 

The atmospheric condition which prevents the smoke getting 
away freely and causes the obscurity to travel a long way down 
wind is the existence of what we have called a lid, “ deck,’’ or 
canopy. Where there is a canopy (represented on our diagrams by 
reversed lapse, or increase of temperature with height) the smoke 
spreads out under the canopy and is churned up by the turbulent 
motion and so kept 'within the limits of the layer. Probably 
during a fog in London when there is a marked reversal of the 
lapse of temperature the smoke of London chimneys is all retained 
within a layer of about 300 feet (this figure is based upon the fact 
that Hampstead can sometimes look down on the top of a London 
fog). The limits are wider but they are still there on an anti- 
cyclonic day with stratus cloud above, somewhere between 500 
and 5,000 feet. In an excellent paper in the ‘‘ Proceedings of the 
Royal Society at Edinburgh ” On some Causes of the Formation 
of Anticyclonic Stratus as observed from Aeroplanes,” Captain 
C. K. M. Douglas. R.A.F., speaks of this kind of cloud being 
“ typical in form for the northern and eastern sides of anticy- 
clones.” How far it may be regarded as limited to these parts 
further observations could show perfectly well. 

The practical conclusion is that with any sort of land wind, at 
any rate, really good seeing is not to be expected under anti- 
cyclonic stratus or clouds of similar type in consequence of the 
fact that all the pollution is kept confined below the cloud layer. 

F F 2 
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“The lower the cloud layer the worse the chance of seeing, because 
the dilution of the smoke is less. On tlie other hand cyclonic 
weather with its strong convection from that point of view 
good for seeing and the appearance of cumulus clouds in the sky 
ought to be a good sign, as showing that there is at least some 
convection there. 

OPTICAL DETERIORATION BY STRIATION 

How far the stria tion of tlie transparent air by the juxta- 
position of layers of different density is a real cause of bad 
seeing I have not enough evidence to say. The seeing is often 
bad in the sultry weather which precedes a thunderstorm. I 
remember one occasion on the low plateau near St. David^s 
when the atmosphere was simply murky in meteorological 
conditions not specifically difiereiit from those which had given 
quite good seeing weather with gradual rise ^ of mean tem- 
perature during the preceding three or four days. I had no 
instiuments, but thei-e was nothing to suggest that the air was 
damp ; dust or smoke may have come with the wind from the 
South Wales coalfield lying to the eastward— looking back, 
probably it did under a low lid, but at the time I could think of 
no other cause than irregular refraction. Those who have 
experience of desert conditions would have more inforiiiation than 
I have on this point. 

WATER DROPS 

We come now to the main meteorological cause of l^ad seeing 
over the o])eii ocean, the water drops in the surface layers. 
The sketch of the probable course of events in the case of 
normal sea-fog is now nearly completed ; we know that tlie 
preliminary condition for the formation of fog is a lid of air lying 
on the ground in which the lapse of temperature is negative, that 
is, temperature increases with height. A cold surface for the sea 
or a wet surface for the land and enough motion of air over the 
surface to churn up the bottom layers, no matter how slowly, is 
the lull story. Fog is in general a summer visitation over the 
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ocean and a winter one over land. For the coasts of the British* 
Isles a line from Scilly to Leith separates more or less the region 
of summer fogs on the west from that of the winter fogs on the 
east. The tv])e of fog formed by the turbulent motion ot 
relatively warm air over cold water has been called normal 
sea-fog ” here because it is believed that sea-fog is generally 
produced in that way, but it must be allowed that the o])posite 
conditions, namely, cold air over warm water, may cause fog at 
the surface, and clouds, possibl)^ thunder clouds, liighor up. 
A^^len a spell of cold weather sets in, in autumn or winter, ponds 
which are for the time being relatively warm are often covered 
with “ wreaths ” of steam. I have never seen the sea steam in 
the same way, but have been informed that it does so (^co ]). 391 ). 
The physical process is complicated ; there is the evaporation of 
the water at the warm surface and re-condensation in the nir after 
the mixing of the warmed saturated surface layer with the colder 
environment. The mixing is partly the result of convection, 
partly of turbulence. The “success ” of the experiment depends 
upon the water at the surface being evaporated faster than the air 
in the layers above can take it' up, and that again u])on the 
humidity and temperature ; so the process seems more cajuiciow 
and uncertain than the normal or cold water-fog. In cither 
real fog draws a very easy distinction between good seeing and: 
bad seeing ; fog is the end of seeing for the purpose of patrol. 

There is, finally, that perplexing form of det cri oration whieli is 
not thick enough to be called cloud or fog, and wliicli bhirs out- 
lines and makes seeing bad at a distance ; the (oiiditioii of Ihing.s 
which our marine observers call mist. The name whic'h fits tht‘ 
conditions best is peril a2)s nebula, Sonietimes it is certainly 
])ollution, but there are occasions on which perhaps it must be 
attributed to water drops. In the '‘Meteorological Glossary” 
under “ Clouds, Weight of,” it is stated tliat the weight of water 
suspended in clouds is from *35 to 4.‘8 grammes ])er cubic metro. 
We have to recognise the possibility of there being loss water in 
the condensed form than -35 g/m^ and therefore not enough to 
form a cloud, and yet more than enough to saturate the air by 
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*feoracthing less than one-tenth of what goes to make the thickest 
cloud. 

I do not think that laborator}" work teaches us how to produce 
a nebula of this kind, but it tells us that it can only be produced 
in saturated air (there is a suggestion that it may conceivably be 
produced in unsatiirated air by the ultra-violet light of the sun, 
about which see j). 441), and it tells us also that it can be com- 
pletely got rid of by a very little increase of pressure. The 
sudden transition from the “ murky ’’ to the very clear ” in a 
glass globe when the pressure of air containing cloud is slightly 
raised is most striking. All at once the change takes place and 
the compressed air becomes conspicuously transparent. 

On the other hand theoretically when the air is saturated the 
smallest diminution of pressure will produce some condensation 
into water dro])s and consequently some deterioration of the 
seeing which wdll become continuously worse as the pressure is 
continuously reduced. There seems no reason to suppose that 
this is not true in fact of the atmosphere whenever saturated air 
is passing througli a serie.s of changes of pressure. In a memoir 
on the “ Life-history of Surface Air-currents ” (M.O. publication 
No. 174, 1906) Mr. Lempfort and I traced the course of the air 
along tlie surface in a coii.siderablc number of typical barometric 
situations and we found that in a well-formed circular depression 
or in a V-sha])ed de]jression all the air in front of the trough-line 
was moving so that its i)ressurc was constantly diminishing and 
all the air at the back of the trough-line was moving so that its 
pressure W’as constantly increasing so long as it formed part of 
the depression. Diagrams showing the variations of pressure 
which amounted in each case to sometliing like 15 millibars are 
given in the frontispiece to M.O. 174, and we may certainly 
conclude from these considerations that we may divide the region 
covered by a depression into two parts as in the figure by the lines 
AOB for the cyclone and AB for tire V-shaped depression (Fig 171), 
lathe front, pre.s.sureis diminishing, condensation approaching or 
fjccurring, visibility deteriorating ; in the rear, pressure is increas- 
ing, cloud disappearing and visibility improving. If the labora- 
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RELATIVELY DRY AIR 

Condensation can only take place if the rarefaction is con- 
tinued up to and beyond the saturation point. It need hardly 
be said that when the air is cooled by rarefaction its relative 
luiinidity is increased and tlie saturation point is apj)roached 
and passed if I he rarefaction is pressed far enough, and, on the 
contrary, so soon as the pressure on saturated air is increased 
the drops begin to evaporate, and after the evaporation is 
complete the air becomes dry under the continued increase of 
])ressure. 8o when the air has become clear it is also relatively 
dry and continues to get drier as the increase of pressure con- 
tinues. The north-west wind of a cyclonic dejjression is well- 
known to be a dry wind. Perhaps the material of which it is 
composed is dry to begin with, as it may be a substitute for the 
wind whicl) enters the cyclone from the south and west and forms 
the eastern part of it. It certainly gets drier as its pressure 
increases. 

So we are led on to consider relative dryness of the air as a 
condition of clearness. Dryness is undoubted!}'' a favourable 
circumstance, and if dry air could be protected from pollution we 
might trace a direct connection between dryness and clearness. 
The driest of our winds come from the north-east or east. They 
ought on that account to be very good seeing winds, but they 
belong mostly to the eastern or south-eastern sectors of an 
anticyclone and probably have a lid to them which prevents any 
atmospheric pollution from getting away. Hence nortli-easterlv 
and easterly winds must be regarded with suspicion as good 
seeing winds on the western coasts or near thereto. It is possible 
that they may be good over the more northern part of the Nortli 
Sea if the air is not too much contaminated before it leaves the 
opposite shore. In the southern part of the North Sea the eastern 
shore is too near and the region from which the wind then comes 
is the region which provides characteristic examples of the 
weather symbol z. But, once more, these are only suggestions and 
require confronting with a proper series of observations. 
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The considerations here set out lead to the conclusion that the 
best seeing weather ought to be that which comes with a north- 
west wind in the rear of a depression because we know that the 
air is in that case moving towards higher pressure. But tJiere 
arc many cases when the weather cannot be so definitely associated 
with a travelling depression. Our ordinary weather is associated 
with maps of no very definite type. Nevertheless, the pressure 
of any sample of air certainly does vary, sometimes from causes 
which are far more general than the local peculiarities of our maps 
and are with some reason attributed to changes taking place in the 
upper air, about 30,000 feet up. For example, between July 27 
and 29, 1908, the pressure over the British Isles, especially in the 
eastern part, increased by about 10 mb. by the intrusion of a mass 
of cold air at that high level over the Islands. That ought to have 
improved the visibility over the region affected by the increase of 
pressure. So it maybe possible to get good seeing weather, in the 
circumstances of wdiich those are an example, as a sort of gratuity 
from changes in the upper air. 

Apart from these and similar cases let us revert to the position 
that the best chance of seeing comes with air which is making for 
higher pressure. It would seem that those are the occasions when 
a priori one ^vould expect the symbol v to be logged for unusual 
visibihty. How the association would work out in relation to 
the advance of another depression is one more point that needs 
further enquiry. My own im])ression is that until the barometer 
begins actually to fall and the depression may be said to have 
arrived the air may be imdergoing increase of pressure, but the 
question requires to be examined by noting the liistory of the air 
logged as v in its immediate past. It is not a difficult investigation 
and should prove interesting. 

ULTRA-VIOLET LIGHT 

Before summarising the conclusions reference ought to be 
made to various experiments of the physical laboratory in 
connection with the condensation of water drops in air which 
is not saturated with water-vapour. There are certain experi- 
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mentib by Mr. C. T. R. Wilson which explain the circumstances 
in which a deposit can be obtained in air which is free from 
dust. The rarefaction can be pre^-sed until water condenses upon 
the free ions as a substitute for the “ dust ” particles which were 
proved b}' Aitken to be necessary for condensation in the ('•rdinary 
way and of which, so far as we know, there is always an adequate 
siip[)ly in the atinospliere. These experiments are sometimes 
quoted ill meteorological text-books and memoirs as providing for 
the condensation of vapour in imsaturated air. That is not the 
case, because in Wilson’s experiments condensation only occurred 
when a st'ite of fourfold saturation ” was reached, that is to say, 
the condensation took place not in relatively dry air. but in air 
which was highly super-satiiraled. But a further experiment of 
Wilson's showed that a beam of ultra-violet light caused a cloud 
of depo*^it in ordinary saturated air, and I learn from Major G. I. 
Taylor that a concentrated beam of ultra-violet light causes a 
cloud to form in air which is not completely saturated with water- 
vapour. 

The application of this experiment to the atmosphere is another 
point which requires to be worked out. The suggestion is that as 
the sun’s rays are relatively rich in ultra-violet light before it is 
absorbed by the atmosphere, the solarisation of the air may 
conceivably cause condensatiou in unsaturated air in the atmo- 
sphere. But so far as the \dsibility in the surface layer is con- 
cerned there is a gap in the reasoning. The upper layers of the 
atmosphere have some water- vapour in them, and they certainly 
absorb a good deal of the available supply of ultra-violet light, and 
the sunlight that reaches the surface is not the kind of radiation 
that is chosen for the experiment in the laboratory. What we 
require to know” before we can decide the question i.s whether a 
beam of sunlight passing through a sample of ordinary unsaturated 
air at the surface, for as many hours as the sun is above the 
horizon, wdll actually produce a cloud. The reason for requiring 
further investigation before accepting the ascertained effect of 
ultra-violet light as a true cause of condensation in the lower layers 
in the sense applicable in meteorology is the apparently capricious 
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relation of the observed effect to the supposed cause. The 
distribution of the sun’s rays over the earth is very regular and 
very impartial, but the formation of the liglit condensation that 
spoils the seeing is very local and very irregular. The situation 
may, with com]ffetc fairness, be stated thus, that for any case in 
which the condensing effect of sunlight is suggested, in the absence 
of other sufficient reasons, as a cause of condensation in the atmo- 
sphere, innumerable cases can be cited from every part of the globe 
in which sunlight produced no condensation. 

OTHER CASES OF CONDENSATION IN ABNORMAL 
CONDITIONS 

The formation of water drops by condensation is certainly 
affected by physical conditions. The cloud of steam which issues 
from a boiler through a nozzle throws a different kind of shadow 
when the fumes of burning gas are allowed to foul the jet and the 
electrical condition of the air in the neighbourhood of the jet also 
produces an effect, but none of these effects seem to produce 
condensation in circumstances in which otherwise no condensation 
would occur, that is. to say, in unsatiirated air. Actual globules 
of acids or salts may enlarge themselves by the absorption of 
water, and once formed are not easily got rid of. Reference has 
already been made to Aitken’s observations U 2 )on which he based 
an explanation of the prevalence of city fog some time after sun- 
rise, by supposing that acid fumes caused condensation in the 
presence of sunlight.^ That is the only case of condensation 
above the dew-point which is known to me as su])ported by 
direct observation. 

StniftfARY, 

I may now summarise the conditions of good and bad seeing and 
the corresponding meteorological conditions according to the 
considerations set out in what precedes, omitting any reference to 
ultra-violet light as being beyond my knowledge. I will arrange 
them in order with their causes and with some remarks about 
them. 

1 ‘‘Proc. R. S. Edin., ’ vol. 31, 1910— lUll, p. 478. 
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This summary wiU make it clear why this subject cannot be 
adequately dealt with by the ordinary meteorological process of 
methodical observations, by a vaiiety of observers, classification 
and “ meamng.” The state of visibility depends not only on the 
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conditions at tlictimeof observation, but also on what has gone 
before, Ihc geographical locality in relation to pollution and the 
structure of the up])er air. If one had a recognised scale of 
visibility an observation high up in the scale iniglit be followed 
by one quite low down for the same locality because the incidental 
circumstances might be quite difierent. Conditions which tend 
to produce a fog may just fall short of reaching the necessary limit 
and there may be good seeing followed almost immediately at the 
same spot by absolute screening. 

OBSERVATIONS ON THE NORTH SEA 

Observations made on ships in the North Sea during the years 
012-1914 were reported to the Meteorological Ollice for examina- 
tion. They were tabulated and discussed by Mr. Charles Harding. 
The observations gave the dislance of msihiliiy and were classified, 
first, according to the meteorological situation at the time ; 
secondly, according to the wind-direction ; and, thirdly, according 
to the houi* of observation. It is noted that “ the individual 
obseiwations vary considerably among themselves, although the 
mean values greatly eliminate the variations.” 

The summaries in their most compendious form, are as follows : 


1. Visibility and IVeatiier Conditions. 
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Result. lilt Wiiul- 
dircitioii. 
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V-shaped dcijresaioii 

7-7 

168 
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Cyclone 
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2. VisiBiLiiY AND Wind-direction. 
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3. Visibility and Time of Day. 


I imc oi U)jacr\iilioii 


Viaibilit} m Mile? | 


Number ot 
Ob'iorxations 


One hour alier sunrise 
Xoou 

One hour belore sunset 


9 

9 

10 


451 

823 

550 


I'he imitorinity of tlie figures in the last table is very striking. 
It co\ild liardly be equalled by the corresponding observations on 
land. 

PENETRATION OF LIGHT INTO THE SEA^ 

]\I. Helland-IIansen, as the result of observations in the course 
of a cruise to the south and west of the Azores, gives the 
following results : 

Luminous rays penetrate as far as 100 metres, but at this 
distance the red rays are more reduced than the violet. At 
500 metres the liquid layer absorbs all the red rays, and the 
fish of these regions, if anything, only see blue. A photo- 
graphic plate is still affected. At 1,000 metres the violet and 
ultra-violet are still apj)reciable. At 1,700 metres there is no 
longer the least trace of light. 

* “ La Revue du Ciol, ’ :ind Annee, Noveinber, 1917. 


CHAPTER XVII 
FORECASTING LAND FOGS 

We have seen that we may regard the central region of an 
anticyclone as a laboratory in which, according to circumstances, 
nearly all the operations of weather may be exhibited on a mild 
scale, the outstanding fact remains that it is a region of calms or 
light airs, and in consequence anticyclonic conditions are specially 
favourable for the development of land fog — so much so, that an 
autumn anticyclone is nearly always accompanied by fog on land. 

In the publication of the Meteorological Office on Barometric 
Gradient and Wind Force,” Col. Gold has shown that steep 
gradients and strong winds are inconsistent with the conditions 
of steady motion along isobars having anticyclonic curvature. 
It is curious but undeniable, that when a westerly current 
has an easterly current uj)on its southern side, the two 
show no disposition to mix except possibly to produce fog; 
they keep an undisturbed anticyclonic region between them 
as a sort of buffer state. If the westerly current has an 
easterly current on its northern side, quite the opposite 
state of things results — the two currents engage one another 
forthwith, and a circular storm results. Doubtless the 
consequences are in accordance with the principles of 
circulation and its acceleration laid down by Professor Y. 
Bjerknes Monthly Weather Review,” October, 1900 ), but 
to those unfamiliar with the reasonings of hydrodynamics 
they must seem rather mysterious. The path which is 
followed by the air in anticyclonic currents agrees perhaps 
more nearly with the undisturbed path of a projectile over 
a moving earth than anything else in nature, and we may 
almost look upon an anticyclonic region as one which is left 
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as other charts included in the l?cport show. The primary 
requirement seems to be a chilled surface between moist and 
relatively warm groimd below and nearly stagnant warm air at 
some distance above, yet with sufficient drift of the air over tlie 
ground to cause the mixing of the air chilled at the surface with 
the waDiior moist air by eddy motion. Generally speaking, tlie 
gradual drift which promotes tliis mixture and consequent con- 
densation in the air is the gradual di’ainagc of the air to lower 
levels. Hence, fog forms in those parts of an anticyclone in whicli 
there is practically no gradient wind. The morning is the most 
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favourable time for its formation because, if the sky has been 
clear, radiation during Lhe night will have reduced llie Leinpera- 
tu]’c of the objects on the surface of the ground, and a cold layer 
of air will be found there and slip dowmwards along the slopes. 
Tlic mixture between this surface-layer and the super-incumbent 
w'armcr atmospiicre is limiied by the extent of the eddy motion. 
In the absence of any pressure gradient there is only the katabatic 
air current on the sloping surface,^ and we get what may be called 
a pond of surface air in valleys, generally forming part of an anti- 
cyclonic region, but left entirely to its owoi local actions without 
any extraneous disturbance. The process of gradual formation of 
fog in this way. filling the valley of the Lake of Coniston, in 
Lancashire, was carefully \vorked out by close investigation by 
Professor J. B. C*ohen.^ Tt seems to account for the local forma- 
tion of land fogs on many occasions, and of the evening mists of 
the lower reaches of valleys. The jDroccss is apparently similar 
to that described in Chapter XIII. in the explanation of sea fog. 
but it is complicated by th(‘ fact that the cold surface is only 
temporary and the flow is due to giavity. 

An examination of the records of the observatories shows 
chat in inland districts the autumn nights give an atmosphere 
on the average more nearly saturated with moisture than any 
other time. Tliis is partly due to the frequency of rain at 
night in the autumn, but partly also to the fact that the 
ground is, on the whole, warmer than the air, and evapora- 
tion is taking jdace. Hence, fogs \vould generally be forecasted 
as accompanying anticyclones in the autumn. 

There are, how’ever, occasions on which nearly the whole of 
the British Isles is covered with fog, lasting for hours. An 
example is given in the map for January 31, 1918 (Fig. 160). It 
is hardly reasonable to attribute this enormous production of 
fog-laden air to the cooling due to radiation from the elevated 
parts of the country. It seems more likely that in these cases 

^ A katabatic air current is on© which flows donnhill, like a cataract, in 
consequence of its component air being heavier, through local cooling, than the 
air beneath it (“Meteorological Glossary,” M.O. Piihlicaiion, No. 225 ii.), 

- “ Quarterly .Journal Roy. Met. Soc.,” vol. 30, p. 211. 
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of widely spread land fog, ttcre is a gradual drift of a southerly 
current from the ocean landward, over regions that have been 
previously cooled by air from the cold east. The gradual drift 
causes the necessary mixing of the surface layers that is produced 
in the case of valley mists by the slowly descending current, 
due to local cooling. 

It is also possible that there is mixing between the two currents 
from opposite quarters, generally of different temperatures, which 
form the northern and southern boundaries of the central region 
of an anticyclone. 

Sea fogs may be of this character too, but more frequently, as 
we have .«ccn, they are due to the slow passage of warm air over 
cold water. 


THE FORMATION OF LAND FOO 

Wc learn from G. I. Tajdor’s discussion, described in Chapter 
XIII., that the pi'ocess of formation of land fog may be assigned 
to physical causes identical with those which are generally 
regarded as operative in the case of sea fog. Both are to be 
attributed to the cooling of the air within some considerable 
distance of the surface by the mechanical process of mixing with 
it the surface air cooled by the effect of radiation to a clear 
sky. Here w^e make a slight departure from the position 
taken up in the first edition of this book, wherein we supposed the 
process in the case of land fog to be the moistening of the valley 
air by evaporation from the warm, ^vet ground and its chilUng 
by the cold air which descends to the valleys, because it is colder 
than the air which is already there. 

It may be remarked that on clear nights when cooling takes 
place by radiation from the ground or the objects near it, tempera- 
ture gradually gets lower the further down one goes. It is not 
necessary to suppose that the descending air forces the air in 
front of it upwards ; we may regard it simply as part of a flowing 
stream. Hence, both for sea fog and land fog we may regard the 
surface as the region at which heat is lost by the air and the 
condensation as due to the mixing of the cooled air with the 
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warm air above it through the operation of eddies which are 
])resent even when the flow is very slow. 

Yet we must not lose sight of the fact that the ground itself 
may be warm and may provide by evaporation the moisture which 
is condensed in the fog. That seems to be the immediate explana- 
tion of the prevalence of the mists and fogs of autumn. A layer 
of grass or herbage would provide for the process of cooling and 
evaporation might still go on from the ground. The process is 
certainly more complicated than in the case of sea fogs where the 
water, with its well-defined temperature, gives us a very clear 
starting point, and the flow of air over the cold water is in accord- 
ance with the distribution of pressure whereas in the case of land 
fog the motion is due to the downward drainage of cooled air. 
Yet we may look upon the process as dynamically the same in 
both. 


THE DECK OVER A FOG 

One other important result follows from this method of regard- 
ing the formation of fog. We have seen that the result of the 
eddy motion over the surface is to reduce the temperature of the 
stream of air from above downwards and to give us a layer of air 
in ^vhich the temperature increases upwards. Such a layer 
represents a condition of great stability as contrasted with the 
instability which results when the temperature falls off with 
height at what is called the adiabatic lapse-rate (see p. 213). If 
air penetrates the environment above it. it necessarily cools at the 
rate of 1 t. for 100 metres. Cooling at that rate combined with 
mixing ydtla. the surrounding air makes it practically impossible 
for air to penetrate automatically the layers above it and get 
away if the temperature of the air which forms the environment 
of the warmed air increases with height. The effect, therefore, 
of the process of fog-forming, that is, of making a layer in which 
there is an increase of temperature with height or an inversion 
of lapse-rate as it is called, is to place a canopy or deck overhead 
through which no air can escape. The first result, therefore, 
of the fog process is to set up such a canopy or deck overhead, 

GG 2 
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' and as the pi’ocess of mixing goes on we get the smoke of all our 
chimneys ]nixed \^it]i the surface ah' and rigorously confined 
below the deck. Hence, a common expedience of foggy weather, 
even of weather of the same type that does not proceed to the 
extremity of fog, is for the smoke to be mixed up with the surface 
air unable to escape, as it does under more favourable conditions 
when the eddy motion carries up warm air from the ground and 
brings cold air down. 

This ])rocess of the formation of an impenetrable layer or deck 
is one of tlie most important features of the atmosphere. The 
most conspicuous example is to be found in the stratosphere, the 
region in which there is no fall of tem])erature with height and 
which therefore surrounds the earth with an impenetrable main 
deck as represented in Fig, 12. Jt begins at 7,000 or 8,000 metres 
in the jdolar regions or in cyclonic depressions, but only at 17,000, 
or 18,000 metres at the ocpiator and perhaps also over the great 
continents in summei. 

In an ordinary Loiidun fog we may su])posc that the deck or 
canopy extends to some height above the fog itself, perhaps to 
double the height of the fog. Tliis would give us a height of 
about 200 metres for the cc^mmencemeut of the normal fall of 
temperature with height. 

FORECASTING FOQ 

From the ])rocess which is thus indicated, and an examination 
of the records of the meteorological conditions which preceded the 
ocourience of fog at Kew Observatory, Richmond, in the years 
1900 1905, G. I. Taylor has been led to consider the possibility 
of forecasting fog during the night with the aid of meteorological 
observations in the evening. The first step is to regard the 
formation of fog as due to the mixing of cooled surface air with 
the layers above by the diffusion due to eddy motion. It follows 
from the diagram of Fig. 81 which expresses the result of miying 
air at different temperatures, whatever he the cause to which the 
mixing be due, that fog will he formed if the line joining the 
initial and final conditions cuts the curve of saturation. If, 
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therefore, the surface is sufRciently cooled and the mixing is active 
enough to cany the point representing the mixture beyond the 
saturation curve, but not sufficiently active to place the mixture 
beyond the second point at which the mixture line would cut the 
saturation curve, there will be fog. AVe may first consider the 
latter point. If the wind is sufficiently strong the mixing will 
be so vigorous that the warmth of the upper layers will disperse 
the cold air of the surface ^vithout causing condensation. ' Out of 
seventy occasions when fog occurred at night in the six years 
under consideration none was found when the wind exceeded 
nine miles per hour at midnight, and only eight when the wind 
at midnight exceeded S-S miles per hour. On only two of the 
occasions of fog did the wind exceed five and a half miles per hour 
at 8 p.m. 

Taking, then, a wind of 5-5 miles per hour as the limit, the lower 
side of which may be taken as identifying a ‘‘ calm night,’ ^ wc 
next require a clear sky in order to obtain the low temperature at 
the ground by which the condensation must be effected, and, 
thirdly, sufficient moisture in the air to bring the upper end of 
the mixture line close enough to the saturation line for the mixture 
fine to cut the curve. For this we miLst Icnow the condition of 
the air as regards moisture. This can be obtained from the 
readings of the wet and dry bulbs. Taking the depression of the 
dew-point at the time of observation (8 p.m.) as one co-ordinate 
on a diagram and the temperature of the air as the other co- 
ordinate, Taylor found that the diagram could be separated into 
two areas by a lino giving temperatures corresponding with 
depressions of the dcw-])oint such that fog was not at all probable 
on the dry or cold side of the line, the odds being thirty-one to 
three against, and on the moist side of the line the chance of fog 
would be about equal. A similar line was found to represent the 
conditions in hke manner at Oxford, Nottingham and Potsdam. 
Upon this basis a fog-prediction diagram was constructed which is 
represented in Fig. 174. It consists primarily of a series of .curves 
which represent the depression of the dew-point for assigned 
readings of the dry and wet bulbs (these are represented by full 
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> lines in the diagram) : crossing them are dotted linos whicli 
sei)aratellic‘ conditions at R])ccitied times wlion fog is imprf)bal)le 



from the conditions when it is, comparatively speaking, probable. 
Lines are drawn for prediction at 6 p.m. and at 8 p.m. of fog 
during the night and at either time for fog within four hours. 
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Fig. 174.^ — Diagram for Prediction ot Fog. (G. I. Taylor.) 
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From tlie point of view of forecasting wcatlier an interebting 
feature of this process of anticipating log ib that it deals onl}' with 
the physical jneasurements and makes no appeal to any know- 
ledge of the general meteorological situation and the prospective 
changes therein during the night. We may note that the odds 
against a fog when conditions are represented by a point on the 
dry side of the curve are about ten to one, whereas on the other 
side of the line they are about even. Something interesting in 
the way of explanation of this unilateral behaviour would probably 
be disclosed by bringing into aid the results which can be furnished 
by the method of weather-maps with which this book is mainly 
concerned. 

We have seen that for the formation of a fog, mixing is required, 
and that the necessary mixing can be secured by the edd3''-motion 
due to air moving over the surface ; but, for fog, it must not go 
faster (at the surface) than 5 '5 miles per hour. The motion must 
be slow, but it must be there, otherwise there might be dew or even 
hoar-frost, but no fog because there is no mixing. So there is a 
lower hmit of velocity as well as an upper limit, and this lower 
limit may be over-passed on a flat plain like the Old Deer Park, 
Richmond, where the Kew Observatory is placed. A surer 
locality for a process that must result in fog is a valley with 
sufficient slope on its sides and bottom to give, automatically, 
sufficient downward motion to the cooled air for the operation of 
mixing. 

There are, moreover, the occasions when the meteorological 
situation might change at night after an observation at 8 p.m. 
in consequence of changes in the general environment. Some of 
these might certainly be foreseen, and it is to be hoped that some 
one who is curious about such things may find an opportunity to 
study the occasions when fog prediction fails ; they are, from 
the point of view of forecasting weather, more interesting than 
the many occasions when it succeeds, as being the exceptions that 
test the rule. Not only are they interesting, but they are vitally 
important, for in the forecasting of fog meticulous accuracy is 
required. 



CHAPTER XVIII 
GALES AND GALE WARNINGS 

Gales were the earliest care of the forecaster, on account of 
their imjDortance for ships. According to the Beaufort scale of 
wind-force, which is given on pp. 20 — 21, winds which surpass 
the figure 7 are gales, storms or hurricanes. Gales claim careful 
attention from navigators, storms are more or less destructive of 
rigging and other property, and hurricane winds are defined as 
winds wliich no canvas can withstand ; as a matter of fact, a real 
hurricane demolishes not only all exposed canvas at sea, but trees 
and buildings on land. As a result of the investigation of 1905 
we now classify winds with velocity above 75 miles per hour as 
hurricane winds, those with velocity between 61 and 75 miles per 
hour as storm winds, and those between 39 and 63 as gales. 

We do not have hurricanes in this country, but we do occa- 
sionally have winds of hurricane force, i.e.. with a velocity above 
75 miles per hour. Here we are drawing a distinction between 
winds and gusts arising from the structure of natural air-currents, 
as sho\vn by the tube-anemometers. The distinction will be 
evident from the comparison of the record of the cup-anemometer 
of Fig. 121a, or in the records of the observatories reproduced 
in the frontispiece, and that of a tube-aneraoinetcr in Fig. 117. 
The former gives the run of the wind in an hour ; wc call it the 
hourly wind, or the wind ; the latter shows great fluctuations of 
velocity superposed upon the hourly wind and indicated by 
excursions of the pen through a considerable range. The extreme 
of one of these fluctuations is the velocity of a gust. 

Also we sometimes have winds of storm-force though not very 
frequently. Although we have no hurricanes, and storm winds 
are rare, gales, regarded as including all winds exceeding force 7, 
are not infrequent, and have occurred often enough to be treated 
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statistically. They may, indeed, be regarded as the initiatory ■* 
causes of the olticial weather-services of Western Europe. 

FREQUENCY OF WINDS OF HURRICANE-FORCE, STORM- 
FORCE AND GALES IN THE BRITISH ISLES 

By way of preface to the subject of this chapter some evidence 
of the frequency of the events under consideration is not out of 
place ; we extract, therefore, from a work on 1‘ The Weather of 
the Brirish Coasts/’ written for the Meteorological Office by the 
author at the request of the Admiralty in 1917, first a table of the 
number of winds of hurricane- force recorded as gusts on the 
tube-anemometers of the Meteorological Office since the beginning 
of this century ; secondly, a table of winds of storm-force exceed- 
ing 64 miles per hour which have been recorded either upon the 
cup-anemometers or the tube-anemometers within the same 
period. The information has been amplified by that given in the 
Monthly Weather Report up to the end of 1921. We give, 
thirdly, a table of the odds against the occurrence of a gale on any ' 
day of the several months of the year, based upon the information 
about gales collected in the Meteorological Office in the past forty 
years, 1876 to 1915. 

In the original specifications of the Beaufort scale a wind of 
force 7 was called a moderate gale. That is a curious name 
because the essential characteristic of a gale is its lack of modera- 
tion. It docs not appear tliat seamen ever regarded a moderate 
gale as being more than “ half a gale,” and force 7 has never been 
classed as a gale in the registers of the iMoteorological Office. We 
endeavoured to introduce the term high-w ind ” in order to avoid 
the ambiguity. Half a gale ” would be equally effective for 
that purpose if seamen agree that “ a moderate gale ” is really 
“ half a gale ” and think “ high wind ” is not sufficiently nautical. 

The records available for the compilation of the three tables 
which follow do not extend over the same period of years. The 
anemometers by which they were recorded have been erected at 
different times ; the periods over which the several records 
extend are given approximately in years by the figures in the 
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<• summary of gusts of humcane-force between 75 and 86 miles per 
hour. 


Table of Gusts of Hurkicane-Force arraxoed in 
Order of Velocity. 
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ni.p.h. 

00 

in.p.li. 

57 

Scllly 

8. 3.22 

lOS 

_ 

Pcndoniiis Caitle 

3.12.14 

80 

63 

Pomleinii'xt .ispell t . 3.0> 

uw 


Srillv . 

26 . 12 . 12 

88 

65 

»» 

«. 3.22 

in.i 

7fl 

quilty 

24.12.12 

88 

02 

II »i 

2(> .12.12 

0'< 

70 

Roiitlipnrt 

Roclic’h Point . 

4 .12. 14 

88 

02 


4. 3.12 

OH 

01 

18.12.11 

88 

33 

Srillv . 

10 . 12 . 17 

OG 1 

cr>-j 

Southport 

25 . 10 . 17 

87 

62 

Plymoulh 

R. 3.22 

DC 

02 

Pcndeunis Csi&tle 

18. 2.10 

87 

GO 

Bulvhcad 

2. 1.00 

94 ' 

84 

SciHy . . ' 

4.12.14 

87 

46 

Quilty 

4,12.14 

02 

63 

Southport 

7. 2.13 

86 

62 

DVndennis CasMe 

27.10. 10 

01 

GO 

2, 1.10 

80 

3t» 

Southport 

12. l.iiO 

00 

— 

Holyhead 

4. 12. 14 

86 

s'lG 

Scilly 

23.10.00 

00 

70 

10, 2.16 

86 

56 

Soiithpoit- 

14. 9.14 

00 

0» 

QuilVy . 

7 . 10.18 

86 

40 

Eskdaleinuii 

11.11 

00 

02 

Pendennls Ca'^Ue 

12. 2.14 

80 

47 

Si Illy . 

2S . 12.00 

00 

01 






Occasions of gusts above 75 miles per hour and less than 
86 miles per hour are comparatively numerous ; we need not 
specify each one of them, but record the frequency at the various 
anemometers : — 


Table op Frequency of Gusts between 75 and 86 
Miles per Hour. 


Station, 

Yeats of 
Obser- 
vation. 

Pendennls* Castle 

20 

Southport 

23 

Holyhead 

27 

Sdlly 

20 

Quilty 

Roche’s Point and 

11 

Weaver Point 

10 

Eskdaieniiiir 

12 


Niiin- 


Years of 

Num- 


Years of 

Num- 

her of 
Gust<s. 

Station 

Obser- 

vation. 

her of 
Gusts. 

Stati 11. 

Obser- 

|Vation. 

ber of 
Gusts. 

21) 

Aberdeen . 

r. 

4 

Goriest on 

14 

2 

18 

Plyinouti) 

14 

4 

S. Shields . 

13 

2 

14 

Rosyth 

11 

4 

Valencia 

5 

2 

11 

Edinburgh 

7 

3 

Baimakewan 

5 

r 

7 

Paisley 

H 

3 

LaEkhlll 

1 

1 


Dover 

11 

>> 

Shoeburyness 

* 20 

1 

6 

Dwyran 
f Anglesey) 

•1 


SpuiQ Head 

5 

1 

1 

1 
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Table of Winds of Storm-Force 64 Miles per Hour, 
OR More, arranged in Order ok Velocity. 


station. 

Date. 

Velo- 

citv 

ni.p.h. 

Station. 

Date. 

Velo- 

city 

m.p.h. 

Holyhead . 

2 . 1 . 99 

R4 

Pendennis Castle 

6 . 1 . 06 

65 

Fleetwood 

12. 1.99 

75 

Scilly 

26 . 12 .12 

65 

NviJly 

23 . 10.00 

70 

Southport 

14 . 9 . 14 

65 

Pendennis ( ‘astle 

26 . 12 . 12 

70 

Pendennis C‘asfc]e 

27. 1.17 

65 

Kingstown 

26. 2.03 

66 

Fleetwood 

25 . 10 . 17 

05 

Fleetwood 

3 . 12 . 09 

60 

99 • 

25. 11 . 17 

05 

Pendennis Castle 

26.11. 12 

66 

99 * 

3 . 12 . 20 

65 

Scilly 

16 . 12 . 17 

60 

Scilly 

10. 9.03 

64 

f« • • 

12. 2.04 

05 

Pendennis Castle 

C. 12. 11 

04 



1 


4. 3.12 

04 

1 


Odds against the Occurrence of a Gale on any Section 
OF the British and Irish Coasts on any day in tie various 
months of the year. 

Based upon records extending over the forty years 1876 to 1915. 
The figures lepreseiil in each case the “ odds against one.”) 











U 


h 



Conbts. 

U 

s 

1 

February 

j 

t 

s* 



a 

a 

a 

"Ht 

1 

1 

A 

1 

a 

8 

& 

C3 

Scotland 














North-East . 


6 

7 

L'l 

27 

74 

102 

4J 

17 

8 

.5 

;5 

10 

East . 

8 

1(1 

10 

2G 

4J 

74 

77 

GI 

20 

11 

8 

10 

15 

Nortli-Weat . 


G 

0 

19 

80 

74 

GL 

43 

14 

10 

0 

r> 

11 

West . 

7 

7 

11 

•22 

43 

74 

102 

33 

17 

10 

7 

G 

13 

Ireland : — 














North-West . 

4 

.> 

G 

12 

2.") 

37 

30 

23 

10 

G 

4 

4 

8 

Soiitli-West . 

4 

.■) 

7 

14 

2.'» 

50 

GI 

21 

15 

8 

5 

4 

0 

Irish Sea . 

'i 

0 

■n 

I.") 

;h) 

42 

43 

2.3 

14 

8 

5 

n 

9 

St. Gcotrc’s Channel 

0 

7 

R 

20 

38 

74 

77 

30 

19 

8 

0 

.5 

11 

Dristol Channel . 
Englaud : — 

o 

'} 

8 

U 

33 

42 

43 

17 

13 

0 

5 

4 

9 

South-West 

G 

0 

b 

18 

27 

74 

GL 

23 

22 

B 1 

.5 

» 

msm 

South . 

H 

H 

L2 


.'jI 

99 

.51 

21 

24 

9 

7 

G 

13 

Soulh-Ea.sfc . 

11 

U 

li 

*2 

M3M 

140 

77 

30 

29 

10 

7 

7 


East . 

U 

12 

10 

29 

01 

119 

1.54 

.51 

42 

12 

9 

9 

19 

North-East . 

1 

7 

8 

i) 

24 

43 

74 

77 

ei 

22 

m 

9 

7 

14 


Ireland North-West stands out as the most stormy district, 
and England East as the most nearly free from such visitations. 

The “ favourite ” day is January 28 in Ireland NW, the odds 
about which are just 21 : 19 against, or nearly even. 

The “ odds ” are arrived at as follows : the average number of 
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gales w’ithin the month are first taken out ; for example, out of 
forty 2Stli clays of Jamiarv 19 had gales and 21 had none, so 
the odds are 21 to 19 against having a gale on tlial day. 

In Scotland North-East the average number of gales in Januaiy 
is five ; the number of days without gale is therefore twenty six. 
The odds against a gale are 26 to 5, or 5 to 1. 

GALE WARNINGS 

Wlien Admiral FitzRoy began the map])ing of the weather in 
1860 he soon turned his attention to precautions against destruc- 
tive storms. In 1863 he established a system of warnings for 
gales with a snp])lementary signal for the probability of a storm, 
and from that day onward the waniing.s were called stoi'in 
warnings. Rut in 1867 the special warning for storms was 
discontinued and the warning \sas intended only to indicate the 
probability of a gale with which a storm niiglit, or might not, be 
associated. The name ought to have been changed to ‘‘ gale 
warnings at the same time, if mi'^understanding were to be 
avoided. For that reason the terms ’* gale warning ’’ and “ gale 
signal ” replace the older names stoim warning *’ and ‘‘ storm 
signal,*’ as the function and mode of operation of the service. 

The warning for a])proacliing gales or storms is a special 
branch of forecasting in which the forecaster has not only to 
anticipate the direction and force of the wind for the 
various localities within his area, but to send a notification to 
the gale signal stations on the coasts likelv to 1)(^ alTccted in 
case he is of opinion tliat gale force Jiiav be reached. The 
service has now been in opejatiem for bixty years. It was 
introduced by the Board of Trade, on the initiative of Admiral 
FitzRoy, then in charge of the Meteorological Department, 
with a cone and drum as signals ; the cone was to indicate 
the approach of bad weather for shipping, commencing with 
a gale or strong wind from the southward if the cone was 
shown point downward, or from the northward if tlie cone 
was shown point upward. The addition of the drum w'as 
meant to indicate the ap 2 )roach of the more severe gales, the 
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directions heing indicated as bcl'ore l)y the mode of displaying 
the cone. When the Met e(M( domical OHicc was iransferml 
from the Board of Trade to the supervision of the Boyiil 
Society in 18(57. the issue of j^ale warnings was discon- 
tinued with the su^})ension of the issue of forecasts, but 
U])on the re])rcscntation l)y the Board of Trade that the 
service was regarded as being of material utility to mariners 
the issue of warnings was resumed as notified by Uir- 
cular 717 of tbe Board of Trade. February, 1874, Tlie 
use of the drmn was, however, discarded, and no distinction 
is now drawn between the indication of gales and tbe 
severer forms of d isi urban ce wli icli may be called st onus. 
Upon the renewal of tlie service the notice of an apj^roaching 
gale was arranged to hohl good for forty-eight hours from the 
time of issue, but, by a re(‘eiit modiheation. the ])eriod luis 
been restricted to the evening of the day f<j| lowing the day of 
issue, so that the duration of tlie warning is thirt>'-six hours 
f()]' a notification based upon the morning chart, and twenty- 
four lionrs for one based upon the evening chart. 

Tlie regulations used to run as follows : — 

STORM^ SIGNAL SERVICE IN CONNECTION WITH THE 
METEOROLOGICAL OFFICE, LONDON 

Explanation o/‘ Storm Sifinal Service 

“ The Meteorological Office issues notices by telegram of 
the probability of storms or strong winds on or near the 
coasts of the British Islands to ports and fishing stations 
recommended by responsible local authorities, and the fact 
that one of these notices lias been received at any station is 
made known by hoisting a Cone, three feet high and three 
feet wide at base, and painted Black (Fig. 175). 

The ‘ South ^ Cone (point downward) is hoisted for gales 
and strong winds 

From south-east, veering to south- west, west or north-west; 
„ south-west, veering to west or north-west ; 

^ bcc p. 460. 
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< From w est, veering to north-iivest . 

and al&o from east, vcenng to south oi south-west. 

DAY SIGNALS. 

South Cone. North Cond. 


Fig 175. 

‘‘The ' Xorth* Cone (point upward) is hoisted for gales 
and strong winds 

From south-east, east or north-east, backing to north ; 

„ north-west, veering to north, north-east or east ; 

„ north, veering to north-east or east ; 

„ north-east, veering to east. 

‘•At dusk, whenever a signal ought to be flying if it weie 
daylight, a Nicjhf Signal consisting of three lanterns hung on 
a triangular frame (Fig. 176), may be hoisted in place of the 

NIGHT SIGNALS 

Lij^lilh in triangle (inatead of the cone) 


FOB South Cone. Foe North Cone. 



Three lanterns and one yard, 4 ft. long, wil) be sufficient. 
Fig. 176. 
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Cone, point downward (lor South Cone) or point upward (for 
North Cone), as the case may be. The lamps should be kept 
burning until, say, 9 or 10 o’clock. 

“ Gales sometimes follow one another in quick succession. 
An order to ‘keep up’ will be sent if the warning is to be 
continued beyond the ordinary limits ; and an order to ^ lower ’ 
will be sent if there is reason to believe that danger is over 
before the regular time has elapsed. 

“If a gale has commenced before warnings are issued, 
notice to hoist the Cone will still be sent if it is expected 
that the gale will continue, or increase in force, but not 
otherwi'^e. 


SvHden Shifts of IVind 

“ A southerly gale often quickly to a point north of 
west, but a gale from the eastward is more likely to back to 
the northward, 

“It is important to bear this in mind, especially in 
anchorages or harbours exposed to the northward. 

Meaning of Signal 

“ The signal shows that an atmospheric disturbance is m 
existence which will probably cause a gale, from the quarter 
indicated, within a distance of (say) fifty miles of the place 
where the signal is hoisted. The signal station itself is 
sometimes comparatively sheltered. The meaning of the 
signal is simply, * Look out ! Bad weather of such and such 
a character is probably approaching you.’ 

“ The warning is intended to continue from the time the 
telegram leaves the Meteorological Office until 8 o’clock on 
the evening of the following day. 

“A warning message received after 9.30 a.m. would have 
been despatched the same day. The Cone should be hoisted 
immediately on receipt of the message and kept flying tintil 
8 p.vi, on the folloioing day, but if it cannot be seen after dusk 
it may be lowered during darkness to save wear and tear. 
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‘*A message received before 9 a.m. would have been 
despatched on the previous evening, and have been de]a 3 "ed in 
transmission. In this case, on its receipt, the Cone should be 
hoisted at once, and kept flying till 8 o’clock in the evening, 
or till dusk if it cannot be seen after dark.'* 

The Meteorological Office supplies the canvas cones, but not 
lanterns. In all cases the local authorities must undertake 
the charges incidental to the hoisting of the signal, such as 
flagstaff and gear, oil, etc., and also as to the keeping of the 
apparatus in repair, painting, etc. 

There are 237 stations on the coasts or at ports of the 
United Kingdom for the display of warnings: 127 are in 
England and AVale'^, 71 in Scotland, 3-1 in Ireland, 3 in the 
Isle ot Mail and 2 in the Channel Islands. Hardly any are pro- 
vided uith the means for displaying signals at night. 

The iu'-ti notions of this circular, and the other particulars given, 
have nou been modified. The number of stations is now set out 
as 185 in Gieat Biitain. The meaning of the signal is that a gale 
is probalile in e\]) 0 .sed situations, or on the open sea within a 
distance of 50 to 100 miles of the >station wdieve the cone is hoisted. 
The gale anticipated vill usually devclo]) witliin twenty hours of 
the time of is'suing the warning and frequently within ten hours. 
Occasionally, however, the gale develoj)^ more slowly than is 
expected and the period may be thirty hours ; on the other hand, 
as the warnings take some time in transmission, the gale may 
have commenced before the warning has arrived. The cone is 
then hoisted on receipt of the message. 

The cone remains hoisted after receipt of the warning-message 
until instructions are given for it to be lowered. But in special 
cases the times at which the signals are to be lowered are stated 
in the first warning telegram. Normally, the order to lower the 
cone will be sent when the gale has passed, and a period of twenty - 
four hours or more free from gales and high winds is anticipated. 
An order to keep cone flying ** may be sent on some occasions 
when the cones are still flying if there has been a temporary 
abatement of wind and a renewal of the gale is definitely foreseen. 
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A proposition was before the International Meteorological 
Committee, on the recommendation of a Commisssion appointed 
in 1907, to consider the question ol introducing an inter- 
national system of storm signals and to adopt the following 
scheme of signals : — 


PbOPOSED iNTEaNATTONA-L STOBM SiCtXALS. 


l>ay. 

Niylit. 

I)esctipt)Oii ot Gale. 

Day Signals. 

Xiglil 

1 

w 6 

For a ^ale coiu- 
menclD^ \Tith 
wind in Iho 
north - wcfst 
quadrant. 

1 

1 Single cone, 

point upward. 

Three^ lantenib in 
vertical line, 
one white above 
two red. 

1 

1 

W O 

For a gale com- 
mencing with 
wind in the 
south - west 
quadrant. 

Single cone, 

point down- 
ward. 1 

One white below 
two red. 

1 

A 

1 

wi 
w 6 

Ef 

For a ^ale com- 
1 mencmg with 
wind in the 
north - east 
quadrant. 

Two cones, one 
above the 
other, both 

point upward. 

One red below 
two white. 

1 

1 

E4 

w 6 

w o 

1 

1 

For a gale com- 
mencing with 
wind in the 
south - east 
quadrant. 

Two cones, one 
above the 
other, both 

point down- 
ward. 

One red nb()\ e 
two white. 

1 

A 

1 

V 

1 

w 6 

w 6 

i 

For a hurricane. 

Two cones, with 
their bases 

together. 

One red between 
two white. 


The scheme of day signals was approved by the Inter- 
national Meteorological Committee at Berlin iu September, 
1910, and has already been adopted in the United States and 
in France. The Bcheme of night signals has been proposed iu 
lieu of the original scheme of the Commission to which 
objection was taken on the ground that the signals might 

JP.W. H I£ 
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< be confusp(1 ^Yith port signals. The final decision in respect of 
this question is not yet reached. 

The gale Avarning service is attended with considerable 
difficulties, some of a meteorological character, others arising 
from the incidental conditions under which the work is carried 
on. Of the latter the chief difficulty is that arising from the 
closing of telegraphic communication with the signal stations 
at 8 p.m. on w^eek-days and the very limited office hours on 
Sundays at the post-offices in the rural districts where most 
of the signal stations are situated. These circumstances, 
combined with the fact that so few signal stations have the 
lanterns for exhibiting the signals at night, practically limit 
the service to daylight hours on week-days, and in the winter, 
when storms are frequent and daylight scanty, the conditions 
are felt as very depressing to the service, because our outlook 
for a forecast of such precision as is required for dis- 
tinguishing betw’een a gale and no gale is limited in reality to 
less than twenty-four hours. Frequently there are only few 
hours between the issue of the warning and the incidence of 
the gale. A w'arning sent out in the evening may, in con- 
sequence, result in the hoisting of a cone on the following 
morning, and the gale may have passed in the night. Thus, 
all the operations of the service may have been carried out in 
strict conformity with the rules and with the clearest anticipa- 
tion of the meteorological conditions, and yet result in the 
rather ridiculous manoeuvre of hoisting a signal cone for a gale that 
is already over. 

There is a prospect of these difficulties disappearing with the 
spread of facilities for receiving messages broadcasted by ]’adio- 
telegraphy. 

METEOROLOaiCAL DIFFICULTIES IN CONNECTION WITH 
GALE WARNINGS 

It would perhaps be easy to modify the rules in such 
a w^ay as to enable the local official in charge of the cone to 
save the situation by not hoi.sting the cone when he thinks all 
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flanger is ])ast, if it were not for the meteorological difficulties 
of the situation. These are of varied character. The first 
is the difficulty of knowing what the real or elective force of 
the wind is from observations in a particular localit3^ So 
much depends upon the exposure, that the local observa- 
tion is insufficient as a general indication for the region. 
This point is very clearly brought out in the figures, 
for the year, for the various anemograph stations in con- 
nection with the Meteorological Office. 1 quote for the 
year 1909 from the “British Meteorological Year Book,” 
Appendix III. 

Taiill or THE Number of Hours of Wind of Gale Force at 
Anemograph Stations in connection with the Meteorological 
Office in 1909. 



Number of Hours of 
Beaufort Numbers. 


8 

D 

B 

11 

J2 

Valencia . 

7 





Roches Point 

03 

8 

— 

— 

— 

Scilly 

118 

27 

5 

1 

-- 

Falmouth 

— 

— 

- 

- 


Peudennis 

19(3 

42 

9 

- 


Plymouth 

10 

— 

- 

— 

- 

Glasgow . 

— 

— 

— 

— 

— 

Fleetwood 

88 

24 

2 

2 

— - 

Southport 

65 

3 

2 

— 

— 

Holyhead . 
Kingstown 

54 

57 

7 

„ 

__ 

, 

Dublin 

— 

— 

— 

— 

— 

Brighton . 

1 

— 





Number of Konifl of 
Beaufoit Numbcib. 


8 


9 in 


11 


12 


Bcemess 
Aberdeen 
North Shields . 
Yarmouth 
Gorlestou 
Shoobnryno^-s . 
Dover 
Ajinagh . 
Alnwick Ca&tlo 
Stonj^hnrst 
Pyrton Hill . 
J?ew 


55 1 

6 — 
5 — 
21 — 
15 1 

4 — 
13 — 



It will be seen that the incidence of gales is not^at all so 
uniform as might be expected, and that at seven stations, 
although care is always taken to get a free exposure for the 
anemometer, no gales were actually recorded within the year. 
I have added to the table given in the Year Book the number 
of gales during the same year as estimated at various coast 
stations, taken from the annual summary of the Monthly 
Weather Report. 


11 11 2 
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T\Bir I'l Till. "Nimbeh 01 (iMi^ llirouiin jkim ii\ 

ml ( o TS 10(i<) 


Cistlthn 11 Liuk'^ 

s 

Noith Shield-' 

(i 

L^uitlnul Pill 

-M 

'^luuhui^h Hl id 

s 

spuin Head 

17 

Malm lie id 

JS 

•^t 11 nov\ iv 

57 

Y un outh 

S 

Jlkuksod Point 

1.) 

Dv'ClU'^sb 

Ih 

Lketon-on i 

} 

Don it»hndi i 

.j 

^\lck 

1 ) 

Dungencsb 

10 

V ikiui i 

J 

■\ nin 

1 

Livei pool 

1 

Poches JNnnt 

10 

11 CT dot 11 

1 

Hoh he la 

2i 

Si lily 

h 

1 cith 

1 

Pombiokc 

10 

Ji i^( > 

H 


Jlii^ point IS fuithei illustiatert ))y a dui^iam puhh'^hed in 
the lepoit of the Meteoiological Council loi 190.*), p. iil 


In Cl Mu I n ( Aij ii\ bydsiquem siuiivi I vrib 

IS 1 104 iml 1 JOl 



(Fig 177), sliowmg the pciccntagc^ of gale \\dnimgs justified 
by Bub&equent strong gales in the ten jears, ISOo — 1904, and 
in the single year 1904. There are r ertain paits of our coasts 
and the adjacent seas which were exceptionally free fiom the 
gales for which warnings were issued. These local peculiaiities 
have piobably more to do with the local faeilitioa of obseivation 
than with the meteorological conditions as expiessed by isobai s 
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SHCONDARIHS 

ViKtthor inttnwliino }joinl in lumnnution with th<^ ^alw- 
wavnhig servu*^ is tlia iiuinnev in wliich llu^ ihstnbntion, nwr 
a district, of winds of ^alo force is affeefod by seen n llanos. If 
we may sup])oso, lo liogiu wilh, a cyclonic de|»rer.nion wHili 
gradient uniform over iho Houlluirn side (d the depi’cHsion and 
approximating to gale force, wc^ ina;i add as a hn|u»ri»o&t.Hl 
distribution of p?VHfiuro, possibly I ransinitbwl from the higbor 
regions of tlie atmospliero, a Hmall circular depvessitm with its 
centre soot 1 1 id‘ that of tbo mu in rivstom. The result will 
evidently bo to diminiHli the gradient in tlie northern part of 
tlie area of the BuperjHMod dojunsriion, becfiusc Ihegnidionls ot 
the two components are oj)poHod there, and to incrmise the 
gradient in the sontlierii portion )>y uii e(pial amount, hocauso 
the two gradients are there coneiirrent. Such an anal.^ais 
applies lo the case of March ‘i-1, IHUrj, repreHonled in 
Fig. 38, Clia]). V.. aJuL tlicic sn* all (l(‘gnM‘h ol intcuMiy o\ 
effect corres])oudiug with such a hUpcrpo>ilioa. The result as 
regards gale warnijig--^ may be that i]i I lie luuihcj ji of 

the locality of the accoiidary the warning com* nmy liaug m 
air wliich is nearly calm, wliilc another in iiiiotli<*r part oi tin* 
same district may be blown away by the cxc(^]»lh)nul hcviuilv ol 
the gale that was antici]jatcd for both stations alike. 

The process of gale warning is in cv^‘j\ way similar lo 
that of forecasting, with the addition of the keeping of a look- 
hut for the strengthening of winds in couscijuonce of modil’ica- 
lions in the distribution of pressure which are important in 
this respect, but insignificant from any oLlior aspued. An 
easterly wind over the east and south of England has a w'ay 
of developing into a gale in a manner which is surjirising Lo 
those who are not watching the pressure movements witli ihe 
necessary closeness. For southerly and we&lmdy gales we ui o 
accustomed to watch the arrival of depn ssious from tlie 
Atlantic which develop steep gradients, and the s^cqnclarms 
which exaggerate the gradients in certain parts. Northerly 



470 FORECASTING WEATHER 

and easterly gales are sometimes incidental to the passage 
eastward of c 3 ^clonic depressions with centres which pass up 
the Channel, and as these are often accompanied by snow, 
they are apt to be labelled with the name of blizzard, as were 
the easterly gales of January 18, 1881, and March 9 and 
10, 1891. 

“GALES MISSED” 

Til gale warning, the “ missing " of a gale, that is, 
the omission to issue warnings before the gale is actualh" 
showm on the charts, is regarded as being a more serious 
matter than the ib&ue of a warning which may result only in 
a strong wind, or in no increase of wund at all. It has alw’ays 
been supposed that the facililies for identifying the approach 
of a depression carrying winds of gale force w^ould he so 
much facilitated by reports by radio-telegraphy from the 
Atlantic, that when these were once received, the avoidance of 
‘‘missed” gales would be an easy matter. This view is 
doubtless based upon the assumption that gale-carrying 
depressions pass across from the western region of the Atlantic, 
the neighbourhood of the transition from w^arm to cold 
w'ater, almost with the regularity of an ocean steamer. 
For that, as for so many other general views of meteorological 
conditions, some striking instances can be adduced, but it is. 
unfortunately, not generally true. Since January, 1900, when 
the transmission of wireless messages from liners began, we 
have enlarged our experience of the relations of the off-shore 
to the on-shore conditions, and wx find that we have still 
to watch with the same care, and with hardly less anxiety, the 
course of events off our western shores. The first set of seven 
daily synchronous charts ot the Atlantic (April 7 — 18), 
based upon the combination of the wireless messages from the 
Atlantic with the telegraphic reports from the Continent and 
Atlantic Islands, which was published on the Monthly 
Meteorological Chart of the Atlantic and IVIoditerranean 
for May, 1910, showed an interesting case of a deep 
depression apparently stationary in the middle of the 
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AtUiiitic for nearly a week, wliile a high [Ji’essure area ^ 
circumnavigated our islands. Wo find the same facility for 
the changing of a light souHkm'Iv ciirrcmt into a southerly or 
westerly gale in the neighhoiirliuod of the West ol Irclaml. 
as we find for tlie transmutation of an easterly air into an 
easterly gale on our southern coasts. But with the additions 
to onr stock of data tliat radio-telegraphy has given us, we 
approach the study of the subject uith more knowledge 
and a far greater grasp of the actual I acts. Ultimately we 
may hope to be able to discontinue the class of missed ” 
warnings; in the meantime let me give the ofiieial list of 
warnings missed in the year 1JJ08 ; — 

QALE 5 EXPERIENCED IN 1908 FOR WHICH NO WARNINGS 
WERE ISSUED 

(From the Eeport of the Meteorological Committee for the 
year ended ^farch ;ll, 1009.) 

Fehruanj 21. A stromj gale from Tf’. and A. ]\\ in Srotland K. 
Caused by a large depression which spread southwards 
from Iceland. Our extreme north-west coasts were warned 
on the evening of the 21st; the gale extended further east- 
ward than was expected. 

Felnuanf 24. A fresh to strong gale from AMU. in the 
Bristol Channely and in England SAV and S, Warnings wore 
issued to most of our western coasts on the evening of 
February 23, owing to the appearance of a deep depressioi^ 
between the Faroe Islands and the Norwegian coasts. By 
next morning the gnle had extended also to the English *aiul 
Bristol Channels ; it was then too late to warn. 

April 3. The strong HAV- to NAV- iruuls which prevailed 
at this time on our W. and N. coasts reached the force of a 
gale in the north of Ireland and the Irish Sea. The gale was 
sporadic, and was scarcely felt at any land station. 

A'lu/^ist 23. A fresh SAV to TU. gale in the English ChnnneL 
Due to a complex depression of no great intensity which 
appeared over the northern parts of the Kingdom. The 
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conditions at 7 a.m. on the 23rd did not appear sufficiently 
threatening to justify the issue of warnings. The 23rd was a 
Sunday, and it was therefore impossible to talie any subsequent 
action until the evening, when the gale was already blowing. 

August 27. A strong S.W. gale in the Southern part of 
England E. — All our western and southern coasts were 
warned on the afternoon or evening of the 26th. It was not 
anticipated that the gale would extend to any other part of 
our coasts. 

October 19 — 21. A S. to S.E. gale in the North-east of 
Scotland, — A large anticyclone lay at this time over Northern 
Europe, and the gale was the effect of a steep gradient 
due to the proximity of the low pressure system off our 
western coasts. The exposed parts of the coast were alone 
afleclecl. 

November 13—14. A gale from various quarters on oitr 
Western Coasts, — Caused by a small depression which 
appeared off the south-west of Ireland on the evening of the 
13th and afterwards travelled over the United Kingdom in an 
easterly and south-easterly direction. The gale was felt at 
less than half the stations in the various districts affected, 
but was locally rather severe. 

November 19. A fresh N.W, gale in the Bristol Channel and 
the Irish Sea, At 6 p.m. on the 18th the appearance did not 
seem very threatening; by next morning the gale, which was 
of a sporadic nature, was already blowing. 

December 7 — 8. A fresh S,W. gale on the more exposed parts 
of our Western and Northern Coasts. — Caused by a large 
depression which extended southwards from Iceland. Strong 
winds were anticipated, but in several localities represented 
by lighthouses and light vessels the wind is reported to have 
reached the force of a gale. 

December 23 — 24. A S.E, gale in the South of Ireland , — 
Caused by a small depression which skirted our extreme 
sou til- west coasts. The indications afforded by the observa- 
tions at shore stations were not very threatening, and it was 
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only on outlying pai'ts of the coasts that the gale was at al] 
severe. 

We give two charts by way of illustrating the meteoro- 
logical circumstances attending the missing of warnings. 
Figs. 178 and 179 are the charts for February 21 and 22, 
1908, and refer to the first of the occasions of a "missed gale ” 
in that year. It will be seen that the difference between what 
was anticipated and what transpired is not very large. Most 
of the other cases are of a similar character, but there are 
occasions on which anticipation is in error on account of an 
entirely unsuspected change of type, as in the example of 
February 20, 21, 1893, dealt with by M. Guilbert and 
represented in Figs. 183a, 183b. 

The reader who is interested in questions concerning gales 
and their incidence on the coasts of the British Isles should 
consult the paper on the subject by Mr. F. J. Brodie, of the 
Meteorological Office, published in the " Quarterly Journal of 
the Royal Meteorological Society,*' vol. 28, pp. 121-157. 
Besides statistics of the local and seasonal distribution of 
gales, he will find charts of the most notable gales of the thirty 
years, 1871-1900. Since the pullication of that paper Mr. Brodie 
has completed the statistics of gales in the various districts of the 
British Isles for the Meteorological Office. 

WARNINGS DISREGARDED 

Side by side with the subject of the warnings missed by the 
forecasters there ought to be a section on warnings which have 
been issued from the Office and have been disregarded by those 
for whose probection they were intended. It is not often that 
information of that kind comes to hand in such a way as to point 
a moral, but during the war when navigation along the east coast 
was peculiarly difficult, an obvious example occurred. At 3 p.m. 
on October 30, 1914, the Office issued a warning of a northerly 
gale on the north-east coast ; at 4 p.m. H.M. Hospital Sliip 
Rohilla left the protected harbour of Leith and proceeded along the 
coast southwards. She was driven ashore at Whitby by the force 
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1908. Tcbrunry 21, S a.ra. 



(oNMItSION TwiLTI. 


In 

Mb. 

Jii. 

Mb. 

In. 

Mb. 

28-0 

968-5 

29-2 

988-8 

29-8 

1009-1 

28 7 

971-9 

29-3 

992-2 

29-9 

1012-5 

28 8 

975-3 

29 4 

99.1-6 

30-0 

1015-9 

28 9 

978-6 

29-5 . 

999-0 

1 30 1 

1019-3 

29 0 

982-0 

29-6 

1002-4 i 

30-2 . 

1022 7 

291 

. 985-4 

29 7 . 

1005-7 i 

' 30-3 

1026-1 


The bold doited line is the isotherm lor 40'' l'\, 277 4 t. 

Pig. 178. — Chart for the Day Previous to tlie “ IMissed (rale ” 
of February 22, 1908. 
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of the gale with a total loss that the work of the Meteorological 
Office was intended to avoid.^ The meteorological situation 
which caused the wreck is represented in Fig. 180. 

Such contretemps as these are easily avoidable now because the 
necessary information can be received on ships themselves by 
radio-telegraphy. 

WEATHER CHARTS ON SHIPS 

This constitutes a development of the practice of using tele- 
graphic reports for the construction of weather maps which 
promises to be of great utility for ships at sea. The ship itself, 
by 'wireless telegraphy, can collect reports from other ships 
and from distributing stations on shore which are within range. 
The messages transmitted from ships in accordance with an 
international plan for the amplification of the charts of the 
central offices are equally available for other ships within range, 
and the messages which are ‘‘ broadcasted from the shore 
stations can also be received. A wireless operator on board ship 
has, therefore, from time to time information in his possession out 
of which a useful 'weather map can be constructed. This is 
especially the case when the ship is not far from the broadcasting 
stations on store. The information so obtained, in the hands of 
ships’ officers with a sufficient knowledge of the method of fore- 
casting by weather charts, should prove of direct utility in making 
a landfall, an occasion for which a knowledge of coming weather 
is peculiarly useful. 

The line of procedure in order to secure the advantage of this 
development is indicated in a small brochure by Commander L. A. 
Brooke Smith, Marine Superintendent of the Meteorological Office, 
entitled “ Weather Forecasting in the Eastern North Atlantic and 
Home Waters for Seamen.”^ 

‘ " Tteport of the lileteorological Cominittee, 1914-1915, p. 37. 

* M.O, Publication 24fi, 1921. 



CHAPTER XIX 

FORECASTS FOR AGRICULTURISTS 
NIGHT FROSTS IN SPRING 

This frosts which occur in spring are specially destructive 
on account of the sensitiveness of young plants, and it is, 
therefore, desirable to recognise the conditions under which 
they are likely to occur and, if possible, to take precautions 
for the protection of young growth. 

CHANQEABLENESS OF SPRING WEATHER 

As measured by instruments the weather is not much more 
changeable during spring than it is in winter or summer, but 
the changes are of greater practical importance. The change 
of shade temperature, for example, from 46° to 25° in spring 
is much more destructive than a change from 35° to 15° in 
winter or from 80° to 60° in summer. 

The folio ^^ing examples taken from the Weekly Weather 
Report showhow the range of temperature during conspicuously 
sunny weeks varies at different times of the year. The figures 
refer to the district included in the Report under the name 
^‘Midland Counties.'’ 


Time ui \ car. | 

Alcan 

Alran 



>IiixiTnum 1 

Aliiitrnuin 

Alcan innge. 


Tt inpeialuie. 

T(. rnpeufcuic. 

Winter, week ended Pehruary 2b, 1891 


r. 

2u*r 

28.20 

Spring, week ended April 10, 1908 . i 


81-9° 

myip 

Summer, week ended August 26, 1899 


,n-9° 

28 7“ 


A diagram of the incidence of frosts, in the thermometer screen 
and on the ground, at Kew Observatory in the years 1871 to 1 918 
inclusive, prepared in the Meteorological Office for exhibition at a 
Royal Agricultural Show indicates that screen frosts have occurred 
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up to May 3, and have begun again as early as October 4. Ground 
fro't.ls have (jucurred u]) lo June 23 and have begun again as early 
as August 15. Tlie latter event was quite exceptional, in 1887. 
Such data are to be regarded as concerning only the immediate 
locality ; different results would be obtained from any other site. 

CAUSES OF DESTRUCTIVE FROSTS IN SPRING 

Destructive frosts in spring may arise from three separate 
causes, and on occasions t\^o of these causes may combine. 

COLD SPELLS IN SPRING 

The first of the three causes here referred to is the occurrence 
of an ordinary type of cold, wintry \Yeather which is not uncom- 
mon in spring. The barometer falls, with a northerly, north- 
easterly or easterly wind ; we get, in consequence, a cold spell, 
probably with snow. 

VEERING WIND. WITH RISING BAROMETER 

The second of the three causes is to be noticed in changeable 
April weather, and can be referred to the passage of barometric 
depressions. If the barometer and wind are watched it will 
be noticed that after rain with a falling barometer and a 
southerly or south-westerly wind, the wind veers to the 
west, north-west, or north, and becomes appreciably drier, and 
tlic weather clears and becomes cold. If this change happens 
towards the evening, and the wind drops when the sky clears, 
a frosty night is almost certain. 

COLD NIGHTS AFTER WARM DAYS 

The third recognised cause refers especially to night frosts 
which may occur with destructive effect if the night is clear, 
even after a warm, sunny day, and the destruction is the more 
complete if the day which follows the cold night is itself sunny 
and warm. The most destructive frosts occur when the causes 
here noted as Ilje second and third combine, wdien cold, clear 
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weather ^Yitll a calm night comes at the close of a boisterous 
day, with a veering of the wind to the north-west or north. 

FROSTS ON CALM NIGHTS 

We maj' consider a little more in detail the process by which 
tlie cooling takes place on calm clear nights. Over our Mid- 
land Counties in April there is on the average a difference of 
16*3° F. between the highest temperature of the day and the 
lowest temperature of the night. In May the average difference 
amounts to 17’7° F. During clear weather the day temperature 
]S increased by the warm sunshine, but the night temperature 
is lowered. After the sun is gone, when the earth and its cover- 
ing herbage are exposed to a clear sky, they lose heat and get 
colder than the air. They may cover themselves with dew or 
hoar frost which are sure signs of their having been cold. 
But in turn they cool the air next to them, and the cooled air 
in its turn trickles like water dow^nhill to the valleys. 

THE EFFECT OF SITUATION 

In these circumstances the plants on the tops of the hills 
are fortunate, for the air which replaces that A\liieh has been 
cooled and trickled away is practically part of the original 
undisturbed supply and is comparatively warm. The plants 
on the hillside get the air which trickles down from above, 
and is consequently colder than that enjoyed by the plants 
at the top. The cooling goes on as the air flows down the 
valleys. But the worst fate awaits the plants in the valleys 
where pools of cold air form. Thither the coldest air gravi- 
tates, and for the plants at the bottom the air is stagnant ; 
consequently they may cool by exposure to the open sky 
much in the opposite way to that in which a joint roasts in 
a ** hastener ” before a fire. The shape of the ground which 
causes a pool of stagnant air to form takes the part of the 
“ hastener.** 

TEMPERATURES ON THE GRASS AND IN THE SCREEN 

The effects of this process of cooling may be very different 
in situations which are quite near to one another. Meteorolo- 
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gists are accustomed to note such effects by having one 
thermometer “ on the glass,’* supported on a couple of 
forked twigs close to the ground, and another “in the 
screen,” which means that it is kept in a louvred box at a 
height of 4 feet from the ground. On calm, clear nights 
the effect of the protection of the screen is very striking. 
The differences are not altogether due to enclosure in a 
screen ; the height of the screen above the ground has some- 
thing to do with it because the trickling stream of cold air 
keeps to the ground, and often is not very thick. 

The following examples for the night of April 7 — 8, 
1908, show how very variable is the amount by which the 
temperature on the grass may fall below that in the screen : — 


Slntion. 

MiiniiiuTii in 
Sciopu. 

on 

Giac.q. 

Diircicncc. 

HaiTogate 

36® 

26® 

10® 

Huddersfield 

31® 

26° 

5° 

Euxtou 

•JO® 

20° 

6® 

Nottingham 

30® 

23® 

7® 

Bii*miiighain . 

36° 

16® 

20° 

Oxfoi’d 

30° 

22° 

S° 

Ciroiice*»fcpr 1 

31® , 

28® 1 

3° 

Marlborougli 

25° 

16° 1 

0® 

Cambridge 

28° 

26® 

2® 

Llangammarch Wells . 

23® 

10® 

13® 


DISTRIBUTION OF TEMPERATURE DURING NIGHT FROSTS 

The following conclusions regarding temperature during frosts 
on calm nights are well established : — 

(a) The frost becomes more severe as one goes from the 

hills down to the valleys, and hollows on the hill- 
sides are colder than the more exposed parts. 

(b) The frost is most severe at the ground and becomes 

less severe at shrub height, still less so at tree 
height, BO that herbage and low shrubs may be 
destroyed when higher shrubs and trees are spared. 

(c) An overcast sky or a light wind generally, prevents 

ground frosts. 

£ I 


F.W. 
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Ttese facts are now common knowledge among meteorologists. 
They lend themselves easily to verification by any one who 
possesses a pair of self-recording thennographs, which are now 
obtainable from the instrument-makers at a very moderate cost. 
The late Mr. E. A. Lee obtained some very interesting records 
with three such instruments exposed in his orchard, on the ground, 
in the screen at 4 feet and on a post 10 lect high. The relative 
coldness of the ground on cold nights is very noticeable. Corre- 
sponding records have been obtained by Mr. C. J. P. Cave at 
Stoner Hill, near Petersfield. 

The difference between hill-top and valley has been effectively 
recorded in the Esk valley near Eskdalenniir as compared with a 
hill-top overlooking the dale. Similar observations have been 
made and described by Professor McAdie of the Acrological 
Observatory of Harvard College, Blue Hill, Mass. An account 
will be found in the chapter on Frosts in the work on 
Aerogaphy by that author, pp. 250 — 272. 

It is also a well-established meteorological fact that, on the 
average, wind falls off in the evening, and in settled weather 
a cahn night often follows a day with a good breeze. This Is 
especially the case at Richmond, Surrey, with a westerly wind 
(see p. 253 and Frontispiece). 


FORECASTS OF SPRING FROSTS AND NIGHT FROSTS 

Referring to tjjie three causes already described, the first 
two are easily associated with general meteorological con- 
ditions over the country, and to anticipate them forma part 
of the ordinary duty of weather forecasting. The changes 
are often very sudden, and while it is as a rule possible to 
anticipate their general character, it is less easy to form an 
estimate of the intensity of the changes. The difference 
between the changes which produce only a chill and those 
which cause a frost is not indicated on the maps used for 
forecasting. 
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FORECASTS OF FROSTS ON CALM NIGHTS 

The frosts of calm nights are still more difficult to deal 
with by forecasts issued from a central office. They are 
subject to the effects of local peculiarities of site, and circum- 
stances of which account can only be taken by those who are’ 
on the spot. A light air, hardly strong enough to be called a 
wind, wdll keep away a night frost by preventing stagnation ; 
a calm on the other hand favours frost, but from the point of 
view of the weathor-forecabter the calm may be an artificial 
calm due to surrounding trees or buildings, and not at all due 
to what he w^ould understand by the weather. 

It has already been pointed out that situation, whether on 
a hill, or hillside, or a vallej’, is also of importance. It is, 
th’erefore, necessary that persons interested in protecting their 
crox)s from frost should make use of their local knowledge in 
extension of the information to be obtained from forecasts. 

WEATHER MAP5 

One of the best aids to the use of local knowledge is the 
regular study of weather maps. The Meteorological Office 
issues dail}’ charts of the weather over the British Isles and 
north-western Europe, which can be had by anyone on 
paymont oC the cost of postage and covers (see Fig. 6). The 
conditions for the occurrence of frosts can be watched much 
more effectively by an oxainination of the daily map than by 
the mere consultation ol the forecast which is drawn up for 
a whole district and min^t be limited to about a dozen words. 

OTHER AIDS TO ANTICIPATING NIGHT FROSTS— 

DEW POINT 

Further information about the probability of a night frost 
may be got from local observations of the temperature and 
humidity of the air, obtained from the dry and wet bulb 
thermometers. From these readings on any occasion the 

ii2 
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I Bo-called “dew point” of the air can be computod. The 
dew point ia the tempei’ature at which dew begins lo 
form. 

It has been supposed that on a calm night the air cannot 
be cooled far below the temperalure of the dew point of the 
•‘previous evening, but that this is not the case is shown in 
five examples in the following table : — 


Dale. 

1 

inuin ' 
(lutnj^r 
lllN 

1. Camhiiclgo, June o, 15)00 

1 7)7 

2. Camlnidge, June 0, 1000 

, 02 3 

3. Cmubridge. Juiio 7, 15)00 

1 (5S-2^ 

4. Garfoikli, June 5, 15)O0 . 

1 00*0 

5. Camlnidge, Apiil JO, 
15)00 . 

1 r)5)‘9 

6. Cambridge, April 17, 
1900 .... 

0;5*2- 


Al p m. 

1 

Miiuiinuti am 111 !, 
follow lllfi III Jit. 

On 1 

\\)t 


In 1 

On 

bull). 

bull). 

puint. 

screen. 

KKihr. 

•IGO’ 

43*8° 

41-3° 

S2-o<‘ 

28-1 

jO*2= 

48-0° 1 

4.5 ■7“’ 

34'2° 1 

29-0'=' 

di-ir 

4j-1^ 

39-2" 


29-0° 

oO'iV 

40-03 

41 S 

1 30-()’ 

20-D® 

i 

3.5-2" 1 

27-4" 

27'(F 

25 J" 

11-8° 

40-3' j 

38-4'- 1 
1 1 

30'C'’ 

30-0’’ 

1 

1 


All we can sav is that the loss of heat is checked when th'?j* 
temperature falls to that of the dew point. Three ca.\iiies 
combine lo bring about this result ; (a) bile the temperature 
is above the dew point evaporation is proceeding from the 
giound and from herbage, and causes a loss of beat from 
them in addition to that duo io exposure, liclow the dew 
point this additional loss of heat does not occur : (b) If 
exposed surfaces are cooled below the dew point, moisture 
condenses on them in the form of dew (or hoar frost), and in 
the process a certain amount of heat is liberated from che 
condensed moisture which in part balances the loss of heat 
due to exposure : (c) The cooling of the air may result in 
the formation of mist which, acting as a screen, checks a 
further fall of temperature. Examples (5) and (6) in the 
pieceding table illustrate the influence of varying conditions 
of humidity. The dry bulb temperatures at 9 p.ni. were 
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practically identical on the two days, but whereas on April 16 
the dew point at that hour was 27*4°, on April 17 it was 
38*4*^. On the former day a frost was highly probable, and 
the inference would have been justified as the temperature 
fell to 27*0° and 25*2° in the screen and on the grass 
respectively. On April 17, with a dew point as high as 38*4°, 
there was less likelihood of frost, and, as a matter of fact, the 
lowest readings w*ere 30*6® and 30*0^ respectively. Destruc- 
tive frosts on calm nights are thus more likely when the air 
is dry, that is wdien the dew point is far below the air 
temperature, or the wet bulb is far below the dry, than on 
nights when the air is moist or the dew point and wet bulb 
temperatures are near the dry. 

PRACTICAL HINTS 

From what has been said above it will be gathered that 
anyone who is interested in protecting his crops from night 
frosts and, therefore, wishes to know^ beforehand when frosts 
are likely to occur, will do well to study: — 

(1) The peculiarities of his locality, to know whether from 
being in a hollow or valley it is specially liable to frosts on 
calm nights. 

(2) The daily charts, with or without forecasts by tele- 
graph, in order that he may recognise the meteorological 
conditions in which the weather is likely to become cold 
and calm. 

(3) The readings of the dry and wet buJb thermometers, 
so that he may recognise the occasions when ground night 
frosts arc likely to be severe on account of the dryness of the 
air. For additional note see p. 487. 

PROTECTION AGAINST EXPECTED FR0ST5 

The best method of protection for young plants against 
night frosts is to cover them up and thereby prevent, first of 
all, the loss of heat, and, secondly, the access of cold air. 

Other means of protection have been tried. Saturation with 
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water of the ground in which the plants are growing is resorted 
to in fruit plantations in California. Posbibly Uio evaporation 
of the water is in itself a protection, as it promotes the forma- 
tion of a mibt over the land to be protected, but the warmth 
of the water itself no doubt also acts to prevent the air just 
above it being cooled as much as it would have been if the 
ground had been diy. On the other hand, Coutinenlal writers 
point out that delicate plants are more sensitive to the effects 
of frost ^\hen their cells are fully charged with water than 
when they are in a dry condition, and then the adoption of 
this method, though mitigating the intensitj" of frost, may 
lead to increased damage to the crop, Smudging,'* i.r., 
covering the area vith smoke from the combustion of damp 
straw or other smoky fuels, has been recommended as a pro- 
tective measure, and the experiments have given rise to some 
discussion. Possibly differences in the character of the crops 
to be protected, more particularly the heights of the sensitive 
parts above the ground, may account for the apparent differ- 
ence of opinion. On occasions when there is an ajjprcciable 
breeze, saturation of the ground is probably harmful, as it 
would promote increased evaporation and so lead to cooling, 
while the protecting mist would be dispersed by the breeze as 
rapidly as it was formed. 

It used to be supposed that vegetation suffered especially 
when the plants were rapidly warmed by the sun after being 
exposed to frost, so that protection was regarded as necessary 
in the early morning when the sun is rising in order to 
prevent too rapid thawing of the plant cells. 

In a paper in the Neu Phytologibt,*' by Profe.ssor F. F. 
Blackman, on “ Frost and Vegetation, it is pointed out 
that injury to plants by sirring frosts is due to the absence of 
protective sugar in the tissues of the plants. Plants which 
can weather a winter develop sugar during cold, but a few 
days of warm spring w^eather cause the sugar to be recon- 
verted into starch, and render the plant defenceless against a 
frost. 
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ADDITIONAL NOTE 

The question of ground-frosts has been treated in two papers, 
by Captain T. Bedford Franklin ^ in which the author draws 
attention to the importance of the temperature of the ground, 
especially when it is not itself frozen, in controlling the tempera- 
ture of the lowest layers of the air over ground which is not 
covered >vith herbage. He notes that the minimum temperature 
on the grass is not a proper criterion of the temperature of the 
air over soil because the grass forms a non-conducting layer 
which prevents the ’warmth of the ground from exercising fully 
its power of compensating loss by radiation from the surface. 
In the second paper he gives a formula for forecasting, from obser- 
vations at 6 p.m., the minimum temperature of the surface 
layer of open soil on calm clear nights, which has given results 
in remarkable accord with the observed surface-temperatures, so 
that the occurrence of grouad-frost can be forecasted with a 
remarkable degree of exactitude, although the intensity of the 
frost, when it does occur, is not fully indicated. For the par- 
ticulars the reader must be referred to the original papers. 

FURTHER INFORMATION FOR AGRICULTURISTS 

These notes were drawn up as a leaflet for the information of 
those who are interested in the protection of yomig crops from 
injury by night frosts. There are other sides of meteorological 
work which are related to agriculture, such as the special forecasts 
of weather during the hay and corn harvests and the notifica- 
tions of spelLs of weather which are referred to on p. 552. The 
use of the experiences of weather for forecasting the yield of 
crops is another separate field ; of that Mr. R. H. Hooker is the 
chief exponent. 

1 “Proceedings Roy. Soc. Edin.,” vol. 39, p. 120, and vol 40, p. 10, 1919. 
Formulae connecting dew-point and subsequent minimum, temperature are 
also given in “Meteorological Magazine,*' April, 1923. 



CHAPTER XX 


COLLIERY WARNINGS 

The relation of explosions in coal mines to the conditions of 
weather has formed the subject of a voluminous correspondence 
and ot eonimunicationa to various scientific and technical 
societies. As long ago as 1874 an endeavour was made to 
associate colliery explosions with the rapid falls of pressure 
^^Ilicll are incidental to the advance of deep cyclonic de- 
pre'=!sions. Mr. R. II. Scott, of the Meteorological Office, and 
Mr. 'W. Galloway, one of II.M. Inspectors of Mines, dealt with 
the matter in a paper publi&hod in the “Proceedings of the 
Royal Society.” 

The suliject came up for discuj^sion before the Institution of 
Civil Engineers in connection with a paper by Sir E. Abel on 
explosives. Exceptional dryness of the atmosphere during 
anticvclonic weather ^^llicll would make coal dust more danger- 
ous was represented as a possible proximate cause of explo'^ions. 
Mr. H. Harries, a member of the Meteorological Office Staff who 
took part in the discussion, contributed a letter to “ Nature ” 
upon the subject in whicli high pressure causing slight 
dislocation of the strata, rather than low pressure allowing the 
escape of iminisoned gas, uas suggested as an explanation of 
the fads. 

“ Colliery warnings,” based apparently upon the hypothesis 
of the influence of the sudden fall of pressure, have appeared 
from time to time in newspapers and have attracted attention 
in various ways. Frequent inquiries were made as to the 
practice of the Office in regard to their issue. In 1908 the 
Home Secretary dnected the attention of the Royal Com- 
mission on Mines to the subject, and an official request was 
received for a statement of the facilities afforded l)y the Office 
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in connection ^^ith Iheib&nc of warnings to collieries, to N\hich 
a reply was sent to the follo\\ing eilect : 

SUPPLY OF INFORMATION TO NEWSPAPERS AND PRESS 

AGENCIES 

The various newsi^apers and press agencies select for 
publication such portions of the information placed at their 
disposal by the OfiSce as they consider of interest to their 
readers. »Sonie of them publish the whole, othei’s publish 
extracts, and some only the forecasts for a single district. 
Others do not make use of the official wording, but employ 
experts of their own to draft information in special form, or 
make use of the official information to prepare their own maps 
and forecasts. Copies of forecasts, remarks and observations 
are supplied to newspapers in the manner indicated in 
Cha2Dter 1. 

Nothing is known at the Meteorological Office of the colliery 
^^arnings \Nhich appear occasionally in the newspapers. In 
1907 there were certain negotiations with the Colliery Guardian 
on the subject of colliery warnings, and it was arranged that 
notification of approaching rapid falls of pressure should be 
sent to that newspaper. 

NOTIFICATION OF RAPID BAROMETRIC CHANGES 

Laromotric changes, actual or in’osiiective, form the basis of 
the method of dealing with the observations reported to the 
Office, but they are not sent out in terms precise enough for 
them to be used for the special jnirpose of warning collieries 
by a colliery manager who has no specific meteorological 
training. The Office issues are worded with reference to wind 
or weather, and no specific regard is paid to the particular 
features wdiich have been supposed to be of importance in 
respect of the risk of explosion in collieries ; although such 
special features are of considerable importance as regards wind 
or weather, and in many cases might be incidentally men- 
tioned in the general inference, they would not be mentioned 
ill the forecasts. 
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, For file vpnson given alcove, the information placed at tho 
disposal of uovspapcis Ijv the Meteorological Office cannot be 
regarded as siiitaMo in form for use as colliery ^^arningp, and, 
^\ithout local inquiry as to the practice of ne\\spapers in the 
several mining centres, it would not he safe to assume that the 
available information is actually placed in the hands of those 
interested by the morning papers. 

There \\ould be no difficulty in foimulating day by day the 
anticipations of the Office as regards havoinetric changes in 
such a way that tliey ^^ould be immediately applicable for (he 
pin pose of informing colliery managers. The ideas under- 
lying the process are already used in the Office, and it is only 
a question of expressing them more definitely in words. 

For the distribution of such information it ^^ould be 
do‘-ira])le to send by telegram to the colliery centres, either a 
daily notification, or a notification as occasion seems to require, 
preferabh" the former. The information could then be 
distributed from the centres by post or telegraph, or by some 
form of signal. The official to \shom the telegraphic reports 
are sent should keep himself in close touch with the Meteoro- 
logical Office, in order to avoid misunderstandings. 

The reasons for preferring a regular d«ily telegram to an 
occasional telegram, or warning, are twofold: — 

{!) The Meteorological (office is already responsible for 
keeping the coasts warned for gales, and. it undertakes on 
certain terms to issue notifications of high tides, spells of tine 
weather, etc. For one official to have to form an oinnion as 
to the sequence of meteorological changes, and at the same 
time to keep in mind the multifarious situations ^\hicli arc of 
special interest to different classes of the community, is likely 
to be too heavy a responsibility, and as such a system develops, 
it uill become necessary to relieve that responsibility by a 
division of labour uithin the Office itself. Apart from con- 
siderations of expense, it would be easier for a local official to 
make and keep himself acquainted with the practice of the 
work in the Meteorological Office, than for a member of the 
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Office staff to keep himself in touch with the requirements of 
the different colliery districts. 

(2) Tlie barometric conditions ^^hich are of special 
importanco from the iDoint of view of accidents in mines are 
not yet clearly understood, and probably a considerable period 
of preliminary investigation by co-operation between the 
Meteorological Office and colliery experts vill be required 
before the Office can be definitely instructed us to the barometric 
conditions which should be notitied. 

Such an investigation cannot he carried on by the Meteoro- 
logical Office alone, because the facts that ought to be 
correlated are the meteorological conditions and the risk of 
explosions, or the explosive conditions. All that a meteorologist 
can do at i^resent is to take account of actual explosions which 
are reported in nc’vvspapers. It is the practice with regard to 
gale warnings to compare the warnings not with the wrecks, 
but w'iih the gales that may or may not produce wrecks, and 
some similar provision is required in the case of risks of 
exi^losion, of which the Office has, however, no records nor 
moans of obtaining them. 

In the present state of our knowledge there is urgent need 
of a co-operative investigation, such as that indicated, and it 
is clearly possible. Professor Louis, in his evidence before 
the Pioyal Commission (Qn. 45,635), makes the statement that 
“ A great many mines will indicate a change of the barometer 
before the barometer itself does, and others will answer more 
slowdy.” Assuming the indication referred to is a tangible 
indication, such as that of a fiery state of the mine, the proper 
setting out of the facts in evidence of the statement, and the 
inferences to be drawn therefrom, would be of the highest 
importance. 

THE METEOROLOGICAL CONDITIONS WHICH ARE 
FAVOURABLE FOR EXPLOSIONS 

Three different meteorological situations have been assigned 
in explanation of explosive conditions in mines, viz. : — 

(1) The rapid fall of atmospheric pressure incidental to the 
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passage of a cleej) cyclonic depression, liberating explosive gas 
from fissures and cavities in the mines. 

(2) Large differences of pressure, as sllo^\^l in the geo- 
graphical distribution, possibly causing slight dislocations of 
strata. The situation numbered (1) may, and on some 
occasions does, supervene on the situation numbered (2), but 
not necessarily so, as regards any particular case or any 
particular colliery. 

(3) Anticyclonic conditions causing dryness of the atmo- 
sphere, the more dangerous the more prolonged the anti- 
cyclone, in those mines which are liable to dust explosions. 

SPECIAL FORECASTS 

It is possible that on different occasions these several causes 
are operative to produce dangerous conditions, and all three 
requil-e different consideration from the point of view of 
forecasting. 

The situation (1), the rapid fall of pressure, can generally be 
forecasted ; but from the nature of the case, since the changes 
are rapid, the notice befoi'ehand is not very long — twelve to 
twenty-four hours is the most that can be expected for any 
part of our islands. Considering the delay that must elapse 
between the time of observation and the notification, in 
consequence of the necessary operations of transmission of 
observations, review of conditions, preparation, transmission 
and distribution of the notilication, it is doubtful whether an 
official forecast would be more effective than a careful study 
of a barograph at the colliery. It w'ould, however, certainly 
reinforce the conclusions from that study, and, so far, be useful. 

Situation (2) can be forecasted and notified. Such notifica- 
tion might be of great service, because differences in pressure 
as regards geographical distribution can only be detected by a 
comparison of observations from different places. A barograph 
record would not necessarily give any indication of them. 
The proper instrument for use locally in this connection is a 
seismograph. 
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Situation (3), which merely indicates dry and generally fine 
weather, would be ex 2 jressed by the ordinary Of&ce reports and 
forecasts. Permanence or slow change is a characteristic of 
this tj^pe of weather. With certain reservations regarding 
positions near the coasts facing north or east, it is an easy 
situation to forecast. But in all probability the situation 
\YOuIcl be more efficiently met by an instrument for recording 
humidity (hygrograph) ^Dlaced in the air-way which would give 
directly a continuous indication of the dryness of the atmo- 
sphere. There might be difficulties in the working of the 
instrument on account of dust, but they could probably be 
overcome. 

There are some doubts as to how far the condition of a 
mine as regards effective humidity is really dependent upon 
the temporary hygrometric state of the external air, which has 
enormous seasonal and diurnal variations, and, as the proper 
remedy in any case is to moisten the workings, the indication 
of a self-recording instrument showing that the dryness has 
passed a certain limit is all that is required to give the 
necessary clue. 

The suggestions, based upon the foregoing considerations, 
for the organisation and imjjrovement of the facilities for the 
sui^ply of information to the several collieries respecting 
barometric changes may be summarised as follow’s : — 

i. The nomination of a correspondent ” in each of the 
chief colliery districts who should keep himself reasonably 
Avell informed about meteorological matters and the practice 
of the Office in respect of the collection andsLqDply of informa- 
tion, and who should keep a current file of the Daily Weather 
Report for reference in interpreting the notifications to be 
sent. 

ii. The notification to the correspondents daily (or ofteiier 
when necessary) by telegram from the Meteorological Office of 
the prospective changes in barometric pressure in a form to 
be agreed upon. 

iii. The distribution by the correspondents to the collieriea 
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of the district* of the notifications of barometric changes likely 
to be operative in causing dangerous conditions in accordance 
with a statement setting forth clearly what classes of conditions 
will be uotifiied. 

iv. The organisation of some means of informing the 
correspondents as to the prevalence or otherwise of fiery 
conditions in the circumstances, as regards barometric 
distribution, notified, with a view to the use of experience for 
the gradual formation of an improved and more definite 
statement. 

V. The use of the barograph in am]3lification of, or in 
correlation with, information notified. 

vi. The use of the self-recording hygrometer (hygrograph) 
for determining continuously the variation of humidity of the 
air in mines. 

vii. The introduction, where practicable, of a seismograph to 
record slight disturbances of the earth’s crust w^hich could be 
correlated with the occurrence of approiDriate barometric 
conditions. A seismograph has recently been installed at 
Cardiff that might serve as an experimental installation 
for the investigation of the question. 



CHAPTER XXI 


THE APPROACH OF DEPRESSIONS 
LOCAL DEVIATIONS FROM THE GRADIENT WIND 

In this chapter we propose to consider the indications of the 
approach of depressions. If 'we were able to deal with a map 
of the ^vhole earth's surface instead of the limited portion of 
it which comes under the cognisance of the forecaster day by 
day the subject would have to be w’orded as indications of the 
origin, development or progress of depressions. For the 
eastern parts of our area tlie subject already takes that form, 
but as ^Ye have to deal for the most part with depressions 
already formed which roach our coasts from the Atlantic our 
attention is largely concentrated on the signs of their 
approach. 

Our ordinary practice in the matter is simple. We watch 
for the first indications of a falling barometer at the stations 
on the western fringe of our area. It may be either a fall 
since the last normal time of reading, or slight downward 
motion indicated at the time of observation by the barographic 
record, and it may be merely the backing of the wind at one 
or more of the western stations in anticipation of the falling 
barometer. On a day in July, 1910, a calm at Valencia was 
taken successfully as a prognostic of a coming depression. 
For some reason wdiich I cannot at present formulate W'e have 
never examined the question whether the backing of the wind 
precedes or accompanies the transition from rise to fall of the 
barometer, nor the other question, which is perhaps involved 
in the former, whether the backing wind is in accordance 
with (he barometric gradient or not. The gradient for the 
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west coast of Ireland or Scotland is uncertain in the absence 
of readings of the barometer out to sea, and in consequence 
speculation as to Nvhether the gradient changes before or after 
tlie ^^ind backs has had no adequate basis. 

As soon as the approach of a depression declares itself we 
depend upon the rapidity of the fall of the barometer for an 
indication of its intensity, and upon tlie behaviour of the 
barometers in its front as to the patli which it intends to 
follow. We assume that it will follow the direction in which 
the fall of the barometer is most pronounced, and that the 
disturbance wdll l)e intense if the fall is rapid. Generally 
speaking, these assumptions are justified, but not always. 
Other considerations have some weight, but it is not easy to 
say how much. The distribution of in’essure to the eastward, 
and the w^ay in wdiich it is varying at the time, may suggest 
that certain lines of movement are tlie more likely (see p. 173). 
In V inter, wdien they are most numerous and best defined, the 
centres of low pressure have a way of keeping to the sea, and to a 
certain extent they show^ a j^artiality for recognised tracks, but 
they are not b}" any means amenable to the discipline of fixed 
rules. 

Various suggestions have been made from time to time as 
to the considerations wdiich govern the motion of cyclonic 
depressions. Dr, J, Aitkeii legarded the direction of their 
strongest winds as the controlling element of their motion.^ 
Temperature has often been niontioiied as the governing 
consideration in the selection ot their loute, l)iit, as pointed 
out in Cha]Dtcr V., the distribution of temperature is not 
symmetrical, and in consequence it is a very difficult element 
to deal wdth. It is not so much the actual temperature as the 
local temperature in relation to its enviromnent that is the 
consideration really in view. On the method of the polar front, 
the line of travel is the tangent to the steering line at the centre 
of the depression, or parallel to the isobars of the w^arm sector. 

^ “Trans. R S. B.,” vol 40, Part I , p. 131, 1901. 
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An endeavour tn deal with the question from the consideration 
of pressure and winds alone is to be found in tke work of 
11. Gabriel GnilberL/ of tlie Commission Metcorologique du 
Calvados, who has formulated a new method of anticipating 
the approach and progress of depressions by studying the 
relation of the winds to the gradient at the stations repre- 
sented on synoptic charts. His views were first given to the 
Societe Meteorologique de Prance in Ain*il, 1891. They were 
subsequently expressed in papers before the French Academy, 
and were brought into greater prominence by receiving the 
award of a prize in a competition in practical weather-fore- 
casliug in connection with the International Exhibition at 
Liege in 1905. They are now j^ubliahed in book form, with a 
preface by the late M. B. Brunhes, of the Observatory of the 
Puy-dU‘D6mo. M. Guilbert’s attempt to apply the observed 
variations from the normal in the relation of the observed 
wind to the gradient is of special interest to the Meteorological 
Ofiice because during the past ten years we have paid particular 
attention to the computation of the direction and velocity of 
the theoretical wdncl from the barometric gradient and its 
relation to the observed surface wind. With our exposed 
situations we are disposed to regard the gradient wind as the 
normal wind, at least for the upper air, and to look upon the 
deviation in direction and magnitude of the observed wind 
from the gradient at any station as due to surface friction and 
to local circumstances of exposure. But it is clear from 
any series of observations that the relation of the observed 
wind to the gradient wind is subject to very considerable 
fluctuations, and we are accordingly prepared to welcome 
M. Guilbert’a endeavour to interpret these deviations as 
important indications of the changes of pressure which are 
about to occur. 

M. Guilbert adopts a simple empirical value for the normal 

' “Nouvelle Mdihodc cle Provision du Temps," par Gabriel Guilbert. Gaut> 
hiei Villars, 1009. 
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^ wind at any station in relation to the gradient. It is given 
in the following table. 


GindiPiit it) inni. 
pui 111 kin. 

Xoiinal Wind, 
Uuiiutuit .'jcale. 

in 

Iileli<.“» ptii .>ccond. 

1 

2 

4 

2 

4 

8 

3 

6 

12 

4 

8 

16 


There are a number of considerations which make it 
difficult to bring this table into relation with English measures 
and the method of computing the gradient velocity which we 
have given in Chapter IV. First, the computation of gradient 
velocity includes a factor depending upon the latitude, and to 
be strictly accurate must take account of the curvature; 
secondly, the proportionality of Beaufort scale to velocity, and 
therefore to gradient, is not exact ; thirdly, the variation of 
exposure of our stations is known to be considerable, so 
that a normal relation of wind velocity to gradient suitable 
for one is not suitable for another. In illustration of this 
last point lei me refer again to the average relation of 
the velocity of the observed wind as indicated by the 
anemometers at Falmouth and Pendennis (which are within 
two miles of each other on our south coast), to the gi'adient 
wind. It is represented in Fig. 29. The outer circle 
representing the gradient wind, and on the same scale 
the inner curve representing the velocity of the wind as 
recorded at Falmouth Observatoiy and the intermediate 
curve representing the corresponding velocity at 'Pendennis 
Castle, show how important a matter the exposure of a station 
may be. This point is treated fully in “ Manual of Meteorology,” 
Part IV., Chapter 11. 

We must accordingly regard M. Guilbert’s scale of equivalents 
as a comparatively rough working normal, approximating to the 
result obtained in average exposures. AV^e give here the transcrip- 
tion into British measures. 
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BEAuroitT Scale akd AI. Guilueht’s ’-yor.MAL” Wind with luc ^ 
CoiiREsi‘ONi)iNG Gradient Wiad. 
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By comparing column 2 with column 8 it will be Been that 
H. Guilbert's normal wind is rather less than one-half of the 
gradient wind, being in fact 45 per cent, of the gradient wind 
computed at 60° P. and 29 inches of mercury. 

It w’ill be understood that when we speak of departures 
from normal they must be considerable, otherwise they might 
be covered by difference of interpretation. 

The normal wind has also a relation to the isobars or gradient 
as regards direction. We have already given a number of 
instances which show that the wind is often actually tangential 
to the isobars, but there is sometimes incurvature which, as I 
understood from M. Brunhes’s preface to M. Guilbert's book, 
may be as much as 40° inwards in a cyclone or outwards 
in an anticyclone without having any special significance. 
Deviations from the isobar beyond these limits must be 
regarded as abnormal. 

There is another matter which makes the application of 
M. Guilbert's rensouing difficult. The estimation of the 
gradient, in millimetres of mercury per GO nautical miles, or 
in hundredths of an inch per 15 nautical miles, has to be 

KE 2 
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^ determinpd l\y inpasuring tlip disLnnce fij)arb of i'aobars pi of fed 
on the map, or by estiimatiiig the presbure at t\YO points ojie on 
either side of the station at a lino^^ n distance apart. There is no 
essential difference bet>\een the two methods, but we will take 
the former as the one most likely to be adopted by those who 
work with synoptic charts. The isobars are drawn by 
interpolation between the readings at the stations, and the 
details of the shape and position of the isobars depend upon 
the interpolation. They may in consefjuence show a dis- 
tribution comparatively uniform w^hen a greater number of 
stations would show local variations. If, therefore, we find 
that the wind as recorded does not agree with the average 
gradient for the district as shown on the cliart, we have always 
in reserve the possibility that the average gradient for the 
district is not the local gradient applicable to the particular 
wind. In the course of investigation of gradient in relation 
to the upper air this consideration forces itself upon the 
atteniion, but its application in regard to Guilbert’s rules 
is not so clear. Agreement with the tlieoretical gradient wind 
practically implies that the motion of the air is “ steady ” in 
the sense that the forces acting upon it are balanced, and that 
it is not, therefore, subject to acceleration ; departure from 
agreement either as regards direction or force implies that the 
motion is no longer steady in the sense indicated, consequently 
acceleration is operative. The deviations from the normal 
upon which M. Guilbert bases his conclusions ma}'’ be due in 
fact to the disturbance of the steady motion which results in 
the re-arrangement of conditions expressed by the approach 
or recession of a cyclonic disturbance, but, on the other hand, 
the signs of the approaching depression may be in reality not 
departures from gradient wind, but local deviations of the 
gradient from the uniformity corresponding with the general 
run of the isobars. Our most careful examinations of hourly 
charts for certain special occasions lead us to the conclusion 
that many of the apparent deviations from gradient are really 
only deviations from an assumed uniformity. Only further 
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examination can decide behveen such eases of apparent 
deviation and cases of real deviation from gradient, of which 
perhaj^s ib may be said that they must exist, but at the same 
time they miisibe transient, because the necessary acceleration 
of the air to bring it into relation with the gradient is not a 
long process. 

M. Guilbert’s rules mny be summarised as follows: — 

A.— AS REGARDS STRENGTH OF WIND 

1. A depression with winds above normal on all sides will 
sooner or later fill up; one ^^ith winds below normal will 
become deeper, and often depressions which are a 2 )parently 
weak will change into cyclonic storms. 

2. Those parts of a depression in which the winds are 
below normal indicate directions in which the depression may 
advance ; thus, when a depression consists imrtly of winds that 
are above normal and partly of winds that are below normal 
it will move in the dii-GCtion of “least resistance,” that is in 
the direction where the wunds are below normal. 

3. Pressure increases from right to left across the line of 
winds too strong for the gradient. Such winds cause an 
increase of jpressure on theii* left as they move. 

B.-AS REGARDS DIRECTION, DIVERGENT AND 
CONVERGENT WINDS 

Winds are divergent from the normal direction if they 
blow away from a low pressure area or in oi)position to the 
normal direction corresponding with the isobars. A wind 
below the normal for its gradient is divergent in respect of the 
component which must be superposed upon the normal ^^ind 
to give the actual wind. 

Divergent winds indicate the apinmch of a low pressure 
system. 

Winds are convergent if they blow more directly towards a 
low pressure area than a normal wind. A wind which exceeds 
the normal is convergent in respect of the component, which 
must be added to the normal to give the actual wind. 
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Convergent winds indicate the departure of a low pressure 
B3^stem or a rise of pressure. 

In a preface to M. Guilbert’s book M. Brunhes introduces 
an electrodynamic analogy for tlie sake of illustrating the 
application of these laws. A horizontal magnetic field will 
repel to:^ ards the left of its own direction a vertical electric 
current which produces a magnetic field of circular lines 
concurrent with the repelling field, and attracts the current 
i£ it is on the other side, so that it produces a field opposing 
the original field. Eegarding the original field as the analogue 
of the normal wind and the deviations therefrom as due to the 
concurrence or opposition of a field of circular lines of force to 
the left or right, the normal field will repel the one or attract 
the other. Similarly the distant current will be attracted by 
a field w’liich shows ‘‘divergence,” and repelled by one 
Bhowung ‘' convergence.” In this w^ay a mental picture may 
be formed which assists the memory in regard to M. Guilbert's 
rules. 

Another way of forming an idea of the vector representation 
is to consider the deviations from normal as a system 
superposed upon the original normal wind system. This 
superposed system will be auticyclonic when the winds are 
divergent and cyclonic when the winds are convergent. The 
existence of a superposed auticyclonic system in any locality 
shows that the barometer will fall there, and vice versa, 

EXAMPLES OF M. GUILBERT’S FORECASTS 

M. Guilberfc gives a large number of examples of the 
application of his rules in his book already referred to, and he 
seems to be pirticulaiiy successful in identifying the approach 
of deep depiessions. I shall quote one or two examples taken 
originally from M. Brunhes’ report upon the Liege competition, 
with charts representing the meteorological conditions at the 
time as they were presented to us in this country. In order 
to show the distribution of jpressure by means of isobars in 
greater detail and thus facilitate the determination of the 
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local gradient I have had th^ charts plotted according to successive 
five-hundredtlis ol a centimctre-gramnie-second atmosphere. ' 
Bach step is, therefore, 2 millibars, about 1*5 millimetres, or 
six-hundredths of an inch, instead of 5 mm. as in the 
Continental charts and the tenth of an inch in ours. The 
examples are as follows : — 

Aiunfst 81, 1905 (Pigs. 181 a, 181n). — Forecast based on the 
morning map : “ New depression with a fall of pressure from 
Archangel to Scotland : the Russian depression passing to the 
east or north-east.” 

The grounds for this forecast are : winds too strong for the 
gradient in the case of the Russian depression (Wisby north- 
east, 8, Neufahrwasser north, 7, Swinemunde north, 7), 
south-south-east wind at Bodo, and north-east at Haparaiida, 
giving an anticj'-clonic circulation. Winds too light for the 
gradient from Bodo to Ireland. 

September 4, 1905 (Figs. 182 v, 182 b). — “ To-moi*row there 
will be a rise over Provence and Poland, a fall will have set 
in afresh on the west of Europe, a new depression approaching 
Ireland and threatening the west coasts of Gascony and the 
south-west of Norway ; the fall, it appears, ought to be greater 
in Brittany than over the rest of France.” 

The grounds for this forecast are : — 

First, two slight indications of falling barometer, one in the 
west of Ireland and the other over Spain and at Biarritz. 
Secondly, from Christiansund to Biarritz, winds \Yhich are 
“ divergent” with reference to a minimum over the northern 
ocean with which only the south- south-west currents of Ireland 
and Scotland are properly concordant. Thence may be inferred 
a certain fall from the north of Norway to the Gulf of Gascony 
throughout the zone where there are divergent winds.*' But 
the divergence attains its maximum in Provence, where the 
north-west winds are in marked excess of the normal. At the 
same time that these abnormal winds tend to show a rise over 
Provence, thus disposing of the cause of the north-west winds 
which would be forecasted on the classical method, they tend 
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1905. August 31, 6 a.m. 
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lOOj. September 1, S ntii. 



Fig. 181b. — Illustrations of M. Guilbcrt’s Forecasts (t). 
(Pressure in millibars, initial nine or ten omitted.) 
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1905, Sei^teuibcr 4, 8 a.m. 



Fig. 182a. — Illustrations of j\[. Guilbert’s Forecasts (2). 
(Pressuro in millibars, initial nine or ton omitted.) 


Forecast : “ To-morrow there will be ari>e over Provorico and Poland 
a fall will liavo set m afresh on the vo^t of Europe, a new clopres- 
Sion approaching Ireland and nireafcomng the wesi roasts of 
Gascony and the .south-west ot Norway; the fall, it appearB, 
ought to be greater m Brittany lUaii over tlic rest of Frciice.” 
For result see Fig. 1 8 2b. 
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3905. Sex')teinbor 5, 8 a m. 



Pig. ]82b. — JJluslrntions of Giiilbert’s Poreoabls (2). 

(Pressure in millibars, inHlal ten omitted.) 
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1893. February 20, 8 a.m. 



Fig. 183\. — Illustrations of Guilbert'a ForeeaslK (3). 

^Pressure in millibars, initial nine or ten oiinttetl.) 

Forecast : In tlie west a depression over Ireland is clearly indicated. 
Thence, to-morrow, gale over Ireland w>tb a new lall’in tlie west 
of Europe.” For result see Fig. 183 b. 
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IR'JS. Eebruary 21, 8 a.m. 



Fui. 18,3n.—Tlhi^l rations of (iuilhevL's Forecasts (3). 
(rre'>i 3 iire in millibars, luilial nine or Umi omitted.) 
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to form a minimum of pressure over the Gulf of Gascony 
(pressure falls to the right of a wind abnormal by excess, and 
rises to the left), already threatened by the depression over 
the ocean. The fall ought to be greatest there if the fall 
setting in over Ireland docs not extend so as to join that of 
Gascony. Brittany, vhere the vinds are zero or divergent 
and which is thus a region of feeble resistance, is therefore 
tlireatened at the same time by falls to north and south. The 
fall ought, therefore to be greater there than elsewhere over 
France. 

Fell nary 20 (Figs. 163a, 183n)» — '‘Ei the west a depres- 
sion off Ireland is clearly indicated. Thence, to-morrow, gale 
over Ireland with a new fall in the west of Europe.” 

This is a striding example of the forecast of a gale which 
eluded oiir vigilance. 

The grounds in this case wxre “ divergent ” winds in the 
west (Scilly west, 8 ; Ushani north-west, 7 ; Cherbourg 
south-west, 5), allowing the prognostic of the new fall. 

It will be noticed that in some of the cases the evidence 
mentioned as translated from if. Bi’unhes* report is not given 
on the maps reproduced, which are purposely constructed 
from the data of our own daily telegraphic reports, and 
particularly in the last and most important case the reasons 
are not very explicit. 

A number of additional examples are given in IT. Guilbert's 
book, to which the reader must be referred for further 
details. I must confess that the confident application of the 
method requires more experience than at present I j)ossess. 
M. Guilbert would almost certainly regard the area of our 
maps as too much restricted in longitude for effective fore- 
casting, and he seems to detect divergent or abnormal winds 
in regions that would seem to us unrelated to the approaching 
disturbances. In the attempts which I have made to test the 
method in the current practice of my own office I have found 
that winds leading away from a low pressure area often 
indicate a coming fall of barometer, but I have not been able 
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to satisfy myself that they wpre not in acconl with the 
fruadient. They were certainly divergent ” from the wind 
sj^stem behind them, but not from the isobars in their 
immedialo neighbourhood. 

It is possible that if we omitted every alternate isobar from 
our own charts, and so used a 5-inillimetre interval, we 
might make a different estimate of the gradient and attribute 
alniorinality which does not show on the more detailed chart. 
This point is a particularly interesting one for our work 
because there are undoubtedly a number of cases in which the 
winds are not in accord with the gradient, and we should like 
to know the reason for the deviation. Hitherto we have been 
unable to deal with the question because we have had no definite 
knowledge of the allowance that must be made for surface 
friction or inadequate exposure. Statistical answers to these 
questions are, however, now completed. They are to ])e found 
partly in a paper by Mr. J. Fairgrieve “ Geophysical Memoirs, 
No. 9 ” (ill.O. publication 210, 1914), and in summary in ‘'Manual 
of Meteorology,” Part IV., Chapter II. (Cambridge University 
Press. 1919). AVe arc now in a position to examine the application 
of M. (hiilbcrt’s suggestion with all the necessary information. 
The inquiry would be laborious, but the collection of the winds 
shown on maps for the exposure of the stations would be in itself 
a valuable study, because it would eliminate one of the elements 
of disorder in the map as it exists at present. 



CHAPTER XXn 

MOVEMENTS OF DEPRESSIONS— ISALLOBARIC CHARTS 

Ik conbitlerinc: the indications of future weather contained 
in the present meteorological conditions we have, in accord- 
ance vith established custom, coniined ourselves to the 
representation of current conditions by means of isobaric 
lines at t-ea level. The and most important conclusion 
drawn from the study of bynchrunoub charts was tliar the 
pressurt conditions, represented by eertiiin grouj^s of isobars 
ot reco.;nisihle shape, and the weather associated therewith 
travelled across the ui^ip and thus enable 1 notice to be given 
of the approach of ^Yeather of various kinds to districts 
included wiiliin the boundary of the remon of observations. 
The next ^tep in the study of the &ul>3ect i'^ clearly the 
detenu in a lion of the direction and the speed of travel of the 
recognised groups, and as the cyclonic depression i*, the best 
defined of all the recognised groupts of isobars, attention has 
naturally been directed largely to the movement of cy< Ionic 
depressions with the hope oi fonniilating working hyj»othtNeb, 
if not physical laws, as to the course which will be pursued 
by a depresriou when its existence ha's once been identified. 

A general conclusion is easily arrived at. A large majority 
of depressions have a general motion from west to east, with 
more or less tendency towards the north, so that large 
numbers of them travel on some course between east and 
north-east, or perhaps a point or two beyond north-east. 
T\'e have already pointed out that it is a matter of the greatest 
importance as regards the weather in a particular locality 
whether the centre of a depresbion passes to the north or to 
the south of tlie locality. In wdnfeer. for example, it makes 
the difference between mild rainy weather and a blizzard of 
snow. Hence, greater precision than the accepted general 
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sluicineiit affords lins boon sought in irgaid to the paths 
the centres of barometric depressions or of detached anti- 
cyclones. The quest has been a v^eiy disappointing one. Long 
experience leads one to surmise that the guiding influence is in 
some way or other coastline. The North African coastline guides 
the noith-cast trade-winds, the coastline oE the New World the 
])aths of West Indian hurricanes and the cyclonic depressions of 
the wastern Atlantic. In like manner the gene7’al coastline of 
pjuro])o, France, Netherlands, Norway, guides many of our 
flepi essions hile others are guided by the higher hinterland above 
2(H) metres ^^hich gives a sort of coastline from Spain to the 
Uial mountains. But it is all very vague. I do not know any 
more eloquent picture of the difficulty of this aspect of the general 
mctcoi'ological problem than the chart of the paths of the centres 
of depressions over North- western Europe in the month of October, 
jjreparcdby General Rykatchef. Chief of the Russian Meteorological 
Service, and reproduced here in Fig. 18*1. No path can be drawn 
so tortuous and so out of the way that we can fairly say it must 
bo ruled out as a possible path for the centre of a cyclonic 
depression. 

Fortunately, or unfortunately, the problem is not generally 
presented to working meteorologists in the horrifying form of 
a collection of all paths. The question appears less unap- 
proachable if we deal with a summary of the paths for a year 
or a month. We can then group the complex of paths into 
Bomeching like order by associating together those which are 
more or less alike. Figs. 185, 186, 187 give the generalised 
paths of depressions in the neighbourhood of the British 
Isles in the years 1907-8-9 — that is, since ue have received 
daily telegrams from Iceland. Before that time things seemed 
simpler. A large number of depressions were hypothetically 
centred between our islands and Iceland, and these formed 
by far the largest group, the path of which was rej;)resonted 
by a straight line to the north-west of us, and was regarded 
as the main route for the Atlantic cyclones. A suimnary view of 
the numbers of depressions which have visited the different areas 
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Pio. 184 —Tracks of Cycloaos o\ei Euiope in Octobci, lb72 —1887 “ Tiansactions of the 

ot Eeteisbuig Academy of Sciences ” (R^katchof), 
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Movements of Dopressions. 1909« 



The hgure^ tndicaf^ the numher of depressions ToHowing 
each path, JZ yfei^ trreoular paths aive omitted 


Fia. 187 



liG, 188. Nimibeis ol Centres of Depressions which liave been 
localea within certain Squares of Five Degrees ol Latitude and 
Longitude m the Ton Years 1907 to 1916. 
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of our maiJb witlim tho tin >pais 1907 to lOKi, and the tiacks 
across oui l‘^]and ulnch inav bo logiuded as faiuuutes is j^ivcii in*^ 



Pro 2S9 — Piincip il Ttcick'j oi liiioiuctnc SInaiiiio>ei Piiiope, 
1&76 — 18S0 “DeuKdie ^eewaito, Monithche Wobeibicht Qei 
^Vitteiung, 1882 ” (Vnii licbber) 


Fig 188 taken fiom the ‘ Woaili(‘i of the Rutish Coasts ’ (M 0. 
publication, No 230) 

By tlie process of segiegation of tlie more or less like \^e 



Fio 100 — Noith Atlantic (Hem 3‘istiilnitiou ot Biiomctiic Minima. 
“ Dout'jche Seowuto, a\tlas Jee AtUulisLliiiii (Veaiis’’ \^kuppen). 


can giadually bimplif} the aspect of until arrive at 

the diagiamumtic results lepicbented by Figs. 189, 190, the 
one by Piofe&soi Van Bebbor, x\hieh shows us the chief paths 
of the CGnties of cyclonic depiessioub o\eL uortli-uestein 
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Europe, and the other by Professor W. Koppen, which showa 
^the chief loci ol tlie baronujtric minima over the Atlantic. 

It is certainly disap])ointing that the paths of barometric 
minima are not more subject to I’ules which allow themselves 
to be detected and formulated. Principles and rules in these 
mattei's there doubtless must be, but up to now they have not 
allowed themselves to be rcduc(‘d to words except in the form 
of very general statements ap])licabl(‘ only on the average. In 
dealing with tliis matter the forecaster must malce u.sc of his 
own experience of weather charts, and if he has none he will 
find the acquiring of it to be a most interesting but rather 
exaspei'ating study, assisted materially at the present time by 
Col. ClohVs analysis of the various situations referred to in 
Chapter VI. Meanwhile no forecaster can afford to depend 
U])oii the a^ erage ; he has to deal for good or ill witli the individual 
de])rchsioii. Ib is not, therefore, matter for wonder that after an 
experience extending altogether over fifty years, daring which 
among others, the lio])es of predicting the advent of depressions 
crossing the Atlantic have been diKaj)pointed, meteorologists 
should begin to speculate whether, after all, it is the distribution of 
pressure which we ought to map. It is, of course, possible that 
some other ]uode of representation of the conditions might lead to 
more regular results. 

Dr. Nils Ekholm, of Stockholm, has led the attack in tliis 
direction in a series of papers on the non-periodic vaiiations of 
pressure, in the “ Meteorologiselie Z(*iTs(‘hriit.‘’ ^ He has cx])eri- 
mented particularly with the plotting of pressure clilTi'rences since 
last observation instead of the actual ])ressiii'e.s at tlie time of 
observation. He uses charts of isallobars — that is of equal pi’es* 
sure differences in a given interval — instead of, or in addition to, 
the charts of isobars. No doubt every institute that deals with 
daily weather charts and forecasts has always noted the changes 
since yesterday” in the form of specially prepared charts or 
in some other manner, but Dr. Ekholm has pushed the 
systematic investigation of charts of isallobars. We give here 
1 “ Metcorologische 2citsclirift,” vol 24, pp 1, 102, 14o. 1907. 
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a pail- of fluivtb of i&allobars for tlie intervals 7 a,m, to 6 p.ni. 
of December 19 and 6 p.iii. of December 19 to 7 a.m. of ^ 
December 20, 1909 (Fi^s. 191, 192), as excimples of the mode 
of representation. It will be seen that similar groups of isallo- 
bars appear on both maps, so that the isallobaric groups may 
be regarded as travelling as well as the isobaric groups. Dr. 
Ekholm’s contention is that the travel of the isallobaric groups 
is more regular than that of the isobaric gi’oups, and that in 
con&etiuence the preparation of maps of isallobars in addition 
to the ordinary charts of isobars would be a productive 
supplement to the woi*k of the daily weather service. The 
inferences may be illustrated by Figs. 193, 194, W’bich repre- 
sent the paths of isallobaric groups and of depressions 
rcbpectively during the period of February 3 — 13, 1904. The 
reporting of barometric tendency or cliange of pressure in a given 
pLM‘iod was introduced into the International Meteorological 
Service in. 1911 and tlie period of tliree hours was selected. The 
interval to bo hclectecl as the one during which the change shall 
be estimated natumlly gives rise to the consideration as to what 
an isallobaric chart really means, or how the distance apart of con- 
secutive isallobais is related to the coi-responding factor for iso- 
baric charts, that is to say, to the barometric gradient. For infor- 
mation on tlicbc points we must refer to the original papers. We 
can here only suggest that since something different would be 
obtainjid for isalIol)aric cliurts for an interval of twenty-four hours, 
twcU'c hours, SLv horns, or three liours, it would ajjpear that the 
rate of change actually in ])Xogress is the only ultimate resting 
place if one begins differentiating, and that the interval that gives 
the nearest approach to the differential coefficient with regard 
to the time is jnost likely to lead to a physical nieaiung. ^ 

There is another point which may be inouiioned which 
concerns the relation of isallobars to wind. Suppose, for 
example, that we plotted the change in pressure during 
twelve hours, and the corresponding vector change in the 
wind, and we a2Jply it to an iumginary case in which the 
change in twelve hours has been the passing away of baro- 
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Chart of Issallobara, 



Fig. 191.— Changes of Pressure in the Interval 7 a.m. to 6 p.m., 
December 19, 1909, 

The changes are expressed in hundredths of an inch of mercury 
under standard conditions. 
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Chart of iBallobais* 



Fig. 192.- Clianges of Pressure for the Tutor val (1 p.m., Siiuday, 
Deceiiiuer 10, to 7 a.m., Doreniber 20, 1000. 

The changes are exprossecl in liimdredllia of an iiicli of mercury 
luider staiidard eundilluiis. 
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lUllis of Isiilloltarif to'oiiiw, Feliniiio 5—13, 15)04 (I'lkholin). 



Fig. 1915. — --c > Areas of l.iH. — Areas of rise of pressure. 
The circles (loiiole llio ]) 0 !jitiou of Ihc centre, the included 
iiumher ilie day ot the month, morninjr, a. aflornoon ; the 
number by the side ol the circle is the range of the 12-hourly 
change ot pressure in iinlliinelrcs. 


Paths of Depressions, February 5 — 13, lOO-l- (Ekliolm). 



Fig. 19 o-* Paths of Fyclonos. The circle^ denote tlie posi- 

tion of the centre, the number enclosed the day of the month, 
m. morning, a, afternoon ; the number by the side of the circle 
is the pressure in millimetres. 
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metric differences leaving uniEorin pressure behind. Tn this 
case the isallobaric charts ^vould be the exact inverse of the ^ 
pressure charts, and to j^i’oduce the calms appropriate to 
uniform pressure the original winds would all have to be 
reduced to zero, or the isallobaric winds would be just the 
reverse of the pressure winds. But the winds of a reverse 
pressure distribution are nob exactly the revei’ses of the 
original winds owing to the correction for curvature and the 
deviation from the tangent ; hence the study of the isallobaric 
charts in relation to the changes of wind offers an opportunity 
for exhibiting the wind characteristics in a special manner. 

Isallobaric charts for the three hours 4 h.to 7 h.are now drawn 
daily in the Meteorological Office and have found a place in the 
Brilish Section of the Daily Weather Report, but in this matter 
we are sensible of our extreme -west cm position on the map : by 
the time the isallobaric lines have become sufficiently well marked, 
they have mostly lost interest for our islands. 

Ekholin’s method of isallobars has been revived or separately 
originated in the French Militaiy Meteorological Service by 
M. Scliereschewsky. 

And, on the other hand, the difficulties arising from discussing 
differences instead of the pressures themselves, are set out by 
E. 0. Bilham,^ of the Meteorological Office, London, though ho 
allows that the differentiation may help to resolve cona])lcx 
situations ^Yhich are intractable when expressed in pressures. 

"It is clear that the value of the isallobars is largely dependent 
upon the accuracy with which they can bo drawn. According to 
present practice in England the unit foi' barometric tendency is 
the half-millihar, consec^ucntly tlie values to be reported arc 
frequently but small multiples of the unit and the uncertainty in 
drawing the isallobars is relatively great. It is equivalent to 
drawmg isobars for each millibar among barometric readings 
expressed only to the nearest half-milhhar. Even with this 
rough method of procedure the isallobaric chart cannot fail to be 
of material assistance, and rough approximation to the forms 
^ “ Gcogiafiska Annalcr,*’ Stockholm, vgl. 3, p. 336, 1921. 
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investigated in this paper are frequentl)' to be seen on the cliarts 
in the Daily Weather Repoit. 

“ When the pressure distribution is accurately known both at 
the beginning and end of the time interval, the point at issue is 
whether the isallobaric chart is capable of affording any additional 
information, or of displaying the available information in a more 
effective way. We have found in the case of small depressions 
uncom])licated by otlxer systems that the isallobars arc merely 
a sort of composite ])icturc of the two sets of isobars and no 
additional information is imparted by them. The same is true 
of large depressions. In most cases we found, in fact, that the 
isallobars tended to be more com])lex than the pressure distribu- 
tions giving rise to them. No additional information as to the 
course taken by the depression in moving from its initial to its 
final ])Osition is afforded by the isallobaric chart since, as has 
previously been pointed out, the isallobars depend only on the 
initial and final conditions, and not on intermediate stages. 

When the distribution is complex, however, the isallobaric 
chart is of value since it performs the function of separating the 
active from the quiescent features of the pressure distribution. 
Since complexity is the normal condition of isobaric charts, any 
method whereby certain outstanding features could be disen- 
tangled from their surroundings would seem to be u^orthy of 
attention. An isallobaric chart is clearly capable of presenting to 
the eye a picture of the state of affairs which would not be readily 
perceived on the ordinary chart.” 



CHAPTER XXTII 


STATISTICAL METHODS FOR LONG PERIOD AND 
SEASONAL FORECASTING 


A GREAX deal of work has been done in recent years with 
the view of determining the sequence of weather from season 
to season, or from year to year, and detecting in the historical 
sequence laws by means of which the weather of tlie future 
years or future seasons can be anticipated. The form which 
this endeavour has taken most frequently is the detection of a 
natural periodicity in the sequence of the meteorological 
elements. In the year 1S90, Professor Bruckner, of Berne, 
published a work, entitled Klimaschwankungen/’^ in w’hich 
he brought together all available records of the sequence of 
rainfall, heights of rivers, levels of lakes, and other informa- 
tion connected with the huctuatious of rainfall, and from the 
collected evidence concluded that a variation of rainfall, with 
an average period of thirty-five years, was indicated. The 
aeauence of wet periods and dry periods is as follows: — 


Wet Periods. 
1691—1715 
1736—1755 
1771—1780 
1806—1826 
1841—1855 
1871—1885 


Dry Periods. 

1716—1736 

1766—1770 

1781—1805 

1826—1840 

1856—1870 


The maxima during the last hundred years were found to 
be in the years 1815, 1846 — 50 and 1876 — 80, the minima in 
1831—36 and 1861—65. 


1 Eduard Briickner, “ Klimaschwankungen seit 1700 ncbst Bemerkungen 
Uber die X.l!mftachwankungen der DiluTialzeit,*' Wien, 1890. Bd. HolzeL 
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Tlie lale Mr. H. C. Russell, of S 3 xlney, suggested a period of 
^ nineteen 3 ears for the variation in the rainfall of Australia; and 
l)r. W. J. S. Lockj’er, in an investigation of the meteorology of 
Australia and South Africa, has arrived at curves of variation 
v^hich again convey the suggestion of a period of nineteen years. 
The same period has been adopted by Colonel Rawson in the 
detection of a sequence of seasons in South Africa; in this 
case the varialion that is sought to be identified is the change 
in position of the anticyclonic area which is to be found at 
some position of higher or lower latitude in the region of the 
South African coast. There is at once a fascination and a 
curious inconclusiveness about many of these attempts to 
identify the period of variation of the meteorological elements. 
The periodicity shows itself when records for long intervals 
are studied, but it is apt to be illusory as a guide to the 
meteorological character of any particular year. An example 
of the fascination and the difficulty here referred to may be 
given from the consideration of the seasonal variation of rain- 
fall in our own country. Nothing is more certain about the 
seasonal variation of that element than that the rainfall tends 
to a maximum in October and a minimum in March ; any 
curve of average monthly values taken for a long period of 
years wdll give that result, and, consequently, one is perfectly 
justified in assuming that the assignment of a seasonal 
periodicity in rainfall with a maximum in October represents 
something real : yet if one were to hazard a prediction that 
the coming month of October will be the rainiest month in 
the current year the facts miglit belie the prediction. Quite 
a large number of similar instances could be quoted. Nothing 
is more certain, for example, than that there is a diurnal 
variation in the height of the barometer, obvious upon every 
barogram in the tropics and sensible even in this country, 
which has two maxima in the day, one at 10 a.m. and the 
other at 10 p.m. No meteorologist of experience would have 
any hesitation in asserting the existence of this diurnal or 
semidiurnal variation as a fact ; yet theie are probably 
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hundreds of persons in this country who have watched a 
barograph trace for years and have never I'ealised the ^ 
existence of the oscillation. It is, in any case, comparatively 
small, and as a general rule it is overlaid by and concealed 
under the non-pei iodic variations of the barometer which are 
characteristic of temperate latitudes. It invariably appears 
in the means oF hourly readings for a considerable number of 
days, and with experience of this kind meteorologists are 
disposed to regard the periodic variations, that suggest them- 
selves when the means for long series of observations are 
analysed, as real phenomena of which account will be taken 
in considering tlic prospects of weather so soon as the subject 
has been more fully investigated. 

One of the most trequeuUy suggested periods in the earth’s 
weather is that of the recognised period in the frequency of 
sunspots, which is approximately 11 years. The suggestion 
of an 11 years’ periodicity has been made uitli regard to 
rainfall in India, cyclones in the Indian Ocean, rainfall in 
Scotland, and even in the fluctuations of business regarded 
as dependent upon meteorological conditions by the late 
Professor W. S. Jevons, of Manchester and his son, Professor 
Jevons, of Cardiff. 

The question of the detection ot actual periodicity is one 
of great interest to the meteorologist, but is full of difficulty. 

A series of figures is strictly and exactly periodic only when 
the same figures recur after a fixed interval. Very few of 
the series which have l)een used to suggest periodicities 
comply even approximately with this rule. The example 
whicli comes nearest to satisfying the condition, so far as I 
know, is the sequence of the wheat crops of Eastern England 
between 1885 and 1905.^ The number of repetitions of the .same 
amount of crop after a period of eleven years is certainly astonish- 
ing. Eleven years always siigge.st.'s sunspots, and J may tliercfore 
mention that .some years ago 1 received Irom Uganda a curve of 
n)ontli)y variation of the level of the walci’ in Lal^e Victoj’ia for 
^ “ The Air and its \Vay.s,” j). 17 j, Cftm bridge Uiiivcrhity Press, 1923. 
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about toil j^oars. By way of comparing it with something, I had 
the coi’rosponding curve for sunspots set out below it. The 
agreement was remarkable and was continued in successive years 
as they came in. For those yetars, at any rate, the sunspot 
numbers would have furnished a satisfactory indication of the 
water-level. 

x4.nother direct application of solar observations to the forecast- 
ing of weather is suggested by H. H. Cla 3 i:on in a paper on 

Vanalion in Solar Radiation and the Weather/' ^ though in this 
case the foi’ecast only extends lor two or three days ahead. The 
uutlior compares the values of solar radiation with the tempera- 
ture at Buenos Aires, and, from the results which he has obtained, 
concludes tliat every high value of solar radiation is followed three 
or four days later by high temperatures at Buenos Aires. A 
diminution of the temperature of the air gives rise to rain, while a 
rise ot temperature is geuerally attended by fine weather. Conse- 
quently a decrease of solar radiation is followed three or four days 
later by a fall of temperature in Central Argentina, and also by 
rain at about the same interval. These results have been used 
by the Director of the Argentine Weather Service for forecasting 
temperature and rainfall ; the values of solar radiation are 
available the day after observation so that temperature can be 
forecasted about one and a half or two days ahead. 

I understand from Mr. J. Baxendell, of Southport, that he has 
demonstrated the existence of a smooth harmonic curve with a 
period of 5-] years in the averages of wind direction for Southport, 
and has in like manner found other periods in the meteorological 
elements for Britain.^ Those are, however, underlying periods 
which are undoubtedly real, but are overlaid by other fluctuations. 

It is usual to identify periods by noting the salient points, 
but unless the variation is on a very large scale compared 
with the mean values, this method is liable to be misleading 
on account of the influence of temporary disturbances. The 
most satisfactory way of ascertaining whether there is a 

^ “ Smitlwonian Miscellaneous Collections,” vol. 71, No. 3. 

* See Annual Reports of the Pernley Observatory, Southport,! 919 and 1920. 
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period of a definite number of years, as, for example, 11, 
in any series of numbers is to add the numbers together, 
1 to 12, 2 to 18, 3 to 14, and so on throughout the series. By 
so doing the variation which is periodic in 11 years is left 
undisturbed. All the other periodic variations incommen- 
surable with 11 years will be obliterated if the series is 
sufficiently long, and will tend to become obliterated even 
with short series. The examination of the sequence of 
numbers which results by forming additions in the manner 
indicated, gives a satisfactory criterion as to tho existence and 
the magnitude of the variation of the period suggested. This 
is, in crude form, the method adopted by Professor Schuster 
in the formation of a periodogram for the examination of the 
periodicity of any long series of records. He forms the 
appropriate sums for a series of selected periods, and by 
examination of the resulting curves, or by the determination 
of the “first harmonic component,” he is able to select those 
periods which show persistent recurrence by the tabulation of 
the magnitudes of the components of successive periods. 
Prom an examination of a long series of rainfall values he has 
concluded that the most persistent period is that of 479 years, 
and that the 11 years’ period, which is very pronounced in 
the rainfall results for the last century, is not so persistent 
when one takes into account longer series of values. 

From an examination of the curves representing the variation 
of pressure at many stations Sir Norman Lockyci* and Dr. W. J. S. 
Lockyer assigned a 3^- years' period to the oscillations of pressure. 

The existence of a period in the sequence of weather has 
sometimes been used tentatively for forecasting coming 
seasons, but I am not aware that this has ever been done 
officially. The application of the period law to any individual 
year is too much subject to exceptions which are not 
regarded with favour in the consideration of official forecasts. 

Endeavours have been made to connect atmospheric dis- 
turbances with sunspots by suggesting a periodicily in deep 
depressions coincident with that of sunspots on the sun’s 

mm2 
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disc, that is to say, a])proximatc]y with tho rotation of the 
sun upon its axis. Various other periods of the recurrence 
of gales or deep depressions have been elaborated from the 
examination of barographic records. However suggestive the 
recurrences may be, they have not yet proved themselves 
sufficiently regular for reliance to be placed upon them in the 
anticipation of weather. 

Another and altogether different mode of using the 
statistics of past weather for anticipating the future is that 
based upon the comx)arison of the sequence of seasonal values 
for one element in one locality with the subsequent sequence 

29 f- 
- 7 € 

- 7 ^ 

- 7»1 

Pig. 19o. — J ava llaiiifall (October to ^larch) and the subsequent 
Pro ^•'Ure (April to September) at Bombay. Traiisaclicms of 
tlie Swedish Academy ol Sciences,’’ 45, No. 2, 1909. (Hilde- 
brauddsou.) 

of some other element in a different locality. Much work 
has been done in inquiries of this kind by Pettersen in 
connection with the temperature of the Atlantic and its rela- 
tion to the weather of the adjacent countries, by Meinardus 
upon the relation of average pressure differences and the 
subsequent seasonal temperature of northern Europe, and 
especially by Hildebrandsson in his papers on “ Centres of 
Action of the Atmosphere,** in which he has traced the simi- 
larity between the sequence of changes in the seasonal values 
of various meteorological elements for many parts of the 
world. I will quote only one example which is more or less 
typical of all. I take from one of HildebrandB8on*s recent 
papers the curves representing the winter rainfall of Java and 
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the subsequent summer pressure of Bombay (Fig. 195). The 
parallelism between the run of (he curves is very romai’kable, ^ 
and certainly suggests direct or indirect association between 
the one element and the other, although they are separated by 
so long an interv<al of time. 

Many other associations equally striking, but for shorter periods, 
are given by Mr. R. Mossman in “ Symons’ Meteorological 
Magazine,” voL 48, 1913. 

There is no objection on philosophical grounds to the 
existence of a causal connection between one element in one 
locality and another in a different locality. The sum total of 
the phenomena of weather must be regarded as represented 
by the general circulation of the atmosphere, and the dif- 
ferences between one season and another must be represented 
by some alteration of the general circulation. It is only 
natural to suppose that an alteration which produces a 
departure from normal of one kind in one locality will be 
necessarily associated with a modilicalion of a different kind 
elsewhere. So that, without being able to describe the precise 
mechanism by which the changes are carried out, we may 
expect to find the results of the working of the mechanism in 
the statistics of meteorological data. Some years ago I drew 
attention to a remarkable parallel between the seasonal varia- 
tion in the trade wind at St. Helena and the rainfall in the 
South of England, and some other noticeable points in con- 
nection with the variations of those two elements which might 
possibly be explained on the theory that the rainfall in the 
South of England depended upon the general circulation of 
the air in the northern hemisphere, and therefore upon the 
arterial flow of air in the south-easi trade wind. The paper 
is printed in “Nature,” vol. 73, p, 175. 

The result of that note was that an enterprising London news- 
paper initiated forecasts of rainfall in the south of England 
directly froju the records of wind iil St. Helena. ^Phey were not 
altogctlier successful, bul a suggestion by Mr. J. L CVaig, of the 
Rgyj)tian Meteorological Service, that the Nile flood might bo 
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depend ont upon the pressure and wind at St. Helena was more 
' tortunate. A computation of the flood in wliich the recorded 
wind at St. Helena forms part, has been continued for some years.^ 
The Nile water is certainly more directly connected ^ith the 
south-east trade than is the rainfall of the south of England. It 
is indeed not improbable that the rainfall of Abyssinia, which 
feeds the Blue Nile, is actually deiived from the Atlantic Ocean 
by means ot a current of air which comes up from the south-east 
with the trade-wind, pa.^ses over the Gold Coast and along the 
equatoi* to ileposit its w'atcr at the sources of the Nile. 

COEFFICIENTS OF CORRELATION 

In dealing with this subject it becomes a matter of con- 
siderable importance to have some means of estimating or 
comparing the reality of such associations as are represented 
by the general similitude of the run of two curves representing 
the sequence of tw^o separate elements. Such a method is 
afforded by the computation of the coefficient of correlation 
between elements in the sense introduced into this country 
by Sir F. Galton, and recently developed by Professor Karl 
Pearson and others in connection with statistical researches. 

The coefficient of correlation is a number which expresses 
the relationship betw^een the deviations from normal of 
corresponding values of two elements. If the deviation of the 
one element is always proportional to the corresponding 
deviation of the other, which would be the case if the two 
curves drawn to suitable scales were exactly similar, the 
coefficient of correlation would be 1; it would be —1 if the 
one curve w'ere the exact reflection of the other ; if, however, 
the variations were fortuitous and the deviations in no way 
connected, a correlation coefficient "which worked out at zero 
would express that fact. Hence, an opinion may be formed 
upon the actuality or otherwise of the relations between the 
deviations of two elements by examining the magnitude of the 
correlation coefficient and its probable error. For particulars 
as to the method of computing the coefficient and the probable 
* See “ Q. J. Roy. Met. Soc.,” vol. 36, p. 341, 1910. 
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orror, I may rofor to the “ Computer’s Handbook,” of the Meteoro- 
logical Office. ) Here I need onl}^ say that the correlation coefficients 
exceeding -3 is suggestive of a connection between two elements, 
and one which exceeds *5 is conclusive, provided in each case that 
the probable error is not more than one-third of the coefficient. 

The method is intended to be applied primarily to the study 
of the relationship between elements for which large numbers 
of data are available, because the principles upon which the 
theoi’y of correlation is based are founded upon the laws of 
probability applicable to large numbers of observations. The 
use of the method in the case of meteoi’ological data for a 
comparatively small number of years is no doubt open to 
some objection, but it is a very useful way of giving numerical 
expression to the degree of a]jparent similarity between curves 
representing the sequence of numbers. For many years the 
method has been employed in India as a means of fore- 
casting the general character of the monsoon seasons. The 
description of the method which has been adopted is con- 
tained in various memoirs and publications of the Indian 
Meteorological Department ; the paper by Dr. G. T. Walker 
on “Correlation in Seasonal Variation of Climate,” “Memoirs 
of the Indian Meteorological Department,” Vol. 20, Part 6, 
1909, may be s])ecially referred to. 

Table or Cokbelation Coefficients between the Monsoon 
Bainfall and the following Elesients. 


Mauritius pressure, May .. — -45 

South American pressm*e, April and May . , . . . -45 

Sub-oquatorial rainfall, May (Zanzibar and Seychelles) —-5 
Himalayan snowfall, May . .. .. .. — *3 

Indian pressure, previous year +'5 

Monsoon rainfall, previous year — '‘i 


In a “Memorandum on the Abnormal Features of Eecent 
Weather, with a Forecast of the Probable Character of the 
South-West Monsoon Rains of 1907,^” Dr. Walker gives the 
above-quoted tabic of correlation coefficients between the mon- 


^ ** Memorandum on tlie Meteorological Conditions, &c , iSimla,*' 1909 
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soon rainfall and various other meteorological data, defining the 
•eoiTclalion coefficient between the elements as '*the propor- 
tion of Ihe vaiiations of (dther quantity which are determined 
l)y those of the other/’ 

He also gives the following formula for “the most likely 
rainfall departure corresponding to given values of the six 
factors in the a1)ovo table ” : 

{ Monsoon rainfall } = ‘3o { S. Amcr. 2)ross. } — '6 { siib-cq. rain | 

+ *1 { snowfall } + { Tnd. press, pnw. yr. } 

+ -O^ { Ind. inousoon jn-cv. yr. }. 

The etpiaiion connects the proportional departures from 
mean values of the quantities within brackets, the propor- 
tional departure being ihc ratio of the actual dej^arture to the 
mean value of the departure over the series of years. The 
term involving Mauritius pi-essure does not ai^pear in the 
etpiation. 

The discussion of the subject is continued in subsequent 
memoranda of llic Depart niout. It includes an examination of 
the correlation of sunsjiots with rainfall, temperature and pressure 
at 107 stations in all parts tlic world. »Sce “Memoirs of the 
Indian Mctoorologicnl Dci)arliuent/' Vol. 21, Parts 2, 9, 10, 11, 12, 
and Vol. 23, Part 2. 

The relationships of many moloorological elements as well as 
of seasons and cro])s Iiave been pul)lisho(l in tlic form of coefficients 
of correlation. All those that had significance for jnetcorology 
and its a])])lications were colloct(‘d by Dr. E. IT. Chapman in 19JS 
and publislicd by llie Meteorological Commit Ice as a continuation 
of Part V. of tho ** Computer's Handbook (M.O. 233). From the 
very numerous coll(‘ction therein oontain(‘(l we select tlic following 
as giving coefficients of -5 or more : — 

Simnlianeous pressure aud ieiuporatnre in tljo upper 
air at all seasons for all he'ghts from 4,000 to 

8,000 nietics (W. II. Dines) -76 to -92 

Kainfall at Havana, May to Got ober, with rainfall in 
B.W. Knglaiid in the folio-wing January to i\hircli 
(A. IIcUu]>Loii Hrowu) . . . , . — *54 
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Nile flood (volume of water pos^imr Aswan, July 1 to 
Ocfobcr 31) and winter rainfall, May to August, of 
ilie same year at San1iag(» de Cliilo (R. ^ilo'i.sinan) . — '62 

llainfall, January to Maich, at Baltiinoro, U.S.A., 
and at San Fornaiido, Spain, for the same months 
(Mossman) . . . . . . — *57 

Larometiic gradieni at Zikawci (China) in March, 
and air-tempciaturc in N.E. Japan in July to 
Au£>us( (Okada) -68 to -78 


Air-t(*mperaturo at San Francisco in July, and air- 

temperature at Irkutsk in April (Okada) . . — *53 

Slrongth of the trade-wiiids in the Xorth Atlanlic, 

March to August, and the tomporature in Holland 
in the following u ini or ((}all6) , . . . *76 

Pressure, June to Augusf, at St. Helena and Nile 

flood (Craig) ....... -61 

Sunspots and riinfall at Bathuist, (lambia (Walker). *51 

AVe add : 

)Sunspots and water-level at Port Florence, Lake 

Victoria (Meteorological Glossary) ... *8 


ANALYSIS IN PERIODIC TERMS 

The pursuit of the solution of the problem of the sequence of 
weather by analysis into periods is by no means tiuished, 

A most fascinating method of approaching the subject is the 
study of the rings of growth in the sections of trees as worked out 
by Mr. Ellsworth lliintinglon, of Yale University, and Mr. H. E, 
Douglass. Director of tlie Steward Observatory, Arizona, and 
described in a book on ‘‘ Climatic Cycles and Tree-Growth,'* 
published by the Carnegie Institution of AA''ashington in 1919. 
By the measurements of rings in sctpioui a record of growth of four 
trees was made out from 1220 u.c. to 2o2 n.r. and another, of 
eleven trees, from 271 b.c. to a.d. 1915 ; taken together the range 
is over 3,000 years. From the summary as set out on p. 111 of 
Douglfiss’s work, we extract the following : — 

“ (1 ) The variations in the annual rings of individual trees over 
considerable areas exhibit such uniformity that the same rings 
can be idontifi(‘d in nearly every tree, and the dates of their 
formation established with ])ia(*tical e(*rtaiiily. 

(2) In dry climates the ring-thicknesses are jn-oporlional to 
the rainfall with an accuracy of 70 per cent, iu recent years, aud 
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this accuracy presumably extends over centuries. ... the tree- 
‘ records therefore give us a reliable indication of climatic cycles 
and of past climatic conditions. . . . 

“ (4) Double rings are caused by spring-drought. , . . 

" (6) Certain areas oE wet-climate trees in Northern Europe 
give an admirable record of sunspot-numbers, and some 
American wet-climate trees give a similar record, but with 
theii* maxima one to three years in advance of the solar maxi- 
mum. . . . 

“ (7) Practically all the groups of trees investigated show the 
sunspot-cycle or its multiples. . . . 

(9) The tree-curves indicate a complex combination of short 
periods including a prominent cycle of about two years.” 

The boldest advocacy for ])redicting future weather by ascer- 
tained periodicities is that of Sir William Bevcridge,^who has made 
out a table of wheat prices in Western Europe from 1500 to 1869, 
adjusted them for secular variation, and ascertained their most 
persistent periods by harmonic analysis. Selecting the chief 
periodic terms thus obtained he has combined them to form a 
synthetic curve for the years 1850 to 1920 and compares the curve 
thus obtained with the records of rainfall for Europe in the years 
1850 to 1 921, and finds that it would have been an efficient means 
of predicting the rainfall if it liad been applied. The correlation 
between the rainfall so computed, and the actual rainfall is about 
•4. Considering the severe test to which the method is a]}plied 
the result is certainly astoni.shingly large. 

The periods which Sir William Beveridge uses for the syntlictic 
curve are as follows: 3-415, 4-415, 5-100, 5-671, 5-960, 8-050, 
12-840, 19-900, 35-500, 54-000, 68-000 years. 

It is tlie strongest bid that has been made for long-period 
forecasting on a scientific analytic-synthetic basis if we disregard 
the claims of the quasi-astrologers. 

As a work of strenuous labour we may compare with it 
D. Brunt’s analysis of Circcnwich temperatures ior sixty-five 

^ “Weather and Harvest C’yelcs '* (“ Eronomic Journal,” ^ol. JH, 1021, 
pp. 429 — 452) ; “ Wheat Prices and llainfall in Western Eunjjie '* (“ Journal 
of the Royal Statistical Society,” vol. 85, Part 3, 1922, pp. 412 — 478). 
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years into ninety liarmonir terms i His summary of results is 
as follows : — > 

(1) A large annual variation whose second and tliiril harmonics 
are also appreciable. 

(2) Certain periods such as the five-year period, which appear 
to exist tliroughout the interval of 65 years investigated. 

(3) Certain periods, such as the 594*5-day period, which exist 
for a pai't only of the interval considered, after which they 
Middcnly die away. 

(J) Eather doubtful periods such as that of 26-21 months, 
which an examination of a longer series of records might prove to 
be illusory. 

It ought, liowever. to be remarked that by these extensions of 
the peiiod over which the observations range, or the intensive 
a])plication of a particular form of analysis, we implicitly rely 
upon an assumption that the effective periodic variations are 
persistent through the ages, and that only those count whose 
periodicity is perfect. By confining ourselves to perfect and 
persi, stent o'^cillations we base our work upon a consistent and 
perpetual periodic cause which impresses itself with more or less 
effect upon the phenomena which we examine, although it is 
external thereto : and which can be detected and isolated by 
sufiicient analy^iis. 

We have before us the analogy of the forced vibrations in sound. 
We know in rhat case that the forced oscillations, if continued long 
enough, will dominalc the motion of any vibrating body. The 
natural vibration will ultimately die out, and the cause of the 
vibrations will be disclosed when we find the lorced oscillations to 
which the motion is duo. 

It is worth while to consider whether wt are really entitled to 
act upon the analogy as regards the ultimate effect of a continued 
periodic impulse, and ought not to consider the other possibility, 
namely, that the system wliich wc ai’e examining has natural 
periods of its own and the ])rimary efioct of any pci iodic cause is 
to set the system vi))ratiug in its natural periods ; these take 

» “ Q. J. Roy. Met. Soc.,” vol. 46, 1919, pp. 323—338. 
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some considerable time to die out, and arc renewed by any fresb 
Wpulsc of any character ^\hatever. A fresh impulse of an 
arbitrary character will change the phase of the existing natural 
vibi’ations, and for that reason render the resulting variations 
unsuitable for the application of any rigid system of harmonic 
analysis. 

We ought, in fact, to consider whether the gro^\^h of trees, 
the successive crops of wheat, and so on, when subjected to any 
catastrophic changes have any natural resilience of their If 

there is any such natural resilience there would be corresponding 
natural periods of oscillation. We ceitainly do not know what 
those natural i)ciiods are, but it is not quite proper to ignore them ; 
because, if the phenomena have no such resilience they stand in a 
class apart from Jiiost things in heaven and earth. 

Consider, for example, the growth of trees. Suppose that its 
normality is disturbed by a catastrophic year of drought. If the 
rainfall next year resumes its normality will the tree also do the 
like ? From what is known about trees one would be disposed to 
say no. A year of drought may be followed by a year of excep- 
tional fruiting which is at least a difierence from normal. 

The same may perhaps be said about tAeat. And none would 
be found to deny that the general circulation of the atmosphere 
'would present some features of resilience if once disturbed. 
Perhaps an experimental test might be tried with wheat by grow- 
ing it normally for some years under steady conditions as in 
Egypt, transporting the seed to Xoifolk or Rothamsted ; growing 
a crop there and returning its seed to Egypt for grovrth under 
normal conditions until all effects of the transplantation had been 
lost. . I£ by any chance it should happen to take eleven years to 
recover its tone we should have learned something about periodi- 
city in wheat which would enlighten the whole subject. 

And this brings us into contact with some speculations of 
Professor H.* H. Turner,^ who finds that the fluctuations of 
meteorological records are more rational if they arc grouped into 



STATTSTTCAL aiETHODS 


541 


separate " ehapters "than regarrlerl as a rontiinions story. What 
begins or ends a chapter we do not know. We should luive to noti^ 
the events that are catastrophic for the various ])henomena. We 
have suggested a very dry year for trees, and a transplantation for 
wheat : perhaps a violent volcanic ciuption might, by its dust, 
produce dislocation of the general circulation of the atmosphere 
(see Humphreys. " Physics of the Air,*’ Part IV., Chapter V.). 
A.S a castastrophic event on the sun we may perhaps think of its 
contact with a 5^\a^m of meteors, and I have some recollection of 
Sir Arthur Schuster having associated the thirty-three-year period 
of the Leonid swarm with three eleven-year periods of sunspots.^ 
But in any case we should be further on our road to long-period 
forecasting if we could assume that the phenomena had natural 
periods and responded to external influences on the analogy of 
resonance rather than that of forced vibration. 

1 » Proc. Roy. Soc. A.,” vol. 8j, p. 53. 1911. 



CHAPTER XXIV 

WEATHER PREDICTION BY NUMERICAL PROCESS 

To the various suggestions that have been made for new 
methods of forecasting in extension of, or in substitution for, the 
empirical method of diagnosing from experience the behaviour of 
cyclones and anticyclones and other groupings of isobars on maps, 
we have now to add a new one described by Mr. Lewis F. Richard- 
son in a booh entitled “ Weather Prediction by Numerical 
Process,” which was published by the Cambridge University 
Press ill 1922 . It is novel in the sense that its plan of action is to 
curry into direct effect what has always been regarded as a 
necessary step in the emancipation of meteorology as applied to 
forecasting from the empirical process of the weather map ; that 
is, to employ for the interpretation of the present and the prog- 
nosis of the future a sufficient knowledge of the application of the 
princiiiles of dynamics and physics to the known conditions of 
the atmos2)here. 

His position is that the changes of the meteorological elements 
with time can be represented by certain general equations for the 
motion of air on a revolving spheroid which, with other well- 
recognised equations such as the equation of continuity of mass 
and the characteristic equation of a mixture of air and water 
are technically sufficient for the calculation of the future values 
of the elements if the data for all the quantities which occur in 
the dynamical equations are known. About the method of 
weather charts he remarks in the preface of his book : — 

“ The process of forecasting, which has been carried on in 
London for many years, may be typified by one of its latest 
developments, namely, Col. E. Gold's ‘Index of Weather Maps.’ 
It would be difficult to imagine anything more immediately 
practical. The observing stations telegraph the elements of 
present weather. At the head office these particulars are set in 
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their places u|ion a large-scale inaj). The index then enables the 
forecaster to find a number of previous maps which resemble the 
present one. Tlie forecast is based on the supposition that what 
the atmosphere did then, it will do again now. There is no 
troublesome calculation, with its possibilities of theoretical or 
arithmetical error. The past history of the atmosphere is used, 
so to speak, as a full-scale workiiig model of its present self.^ 

“ But — one may reflect — the * Nautical Almanac/ that marvel 
of accurate forecasting, is not based on the ])rinci[)le that astrono- 
mical history repeats itself in the aggregate. It would be safe to 
say’ that a particular disposition of stars, planets and satellites 
never occurs twice. Why then should we expect a present 
weather map to be exactly represented in a catalogue of past 
weather ? Obviously the approximate re])etition does not hold 
good for many days at a time, for at ])resent three days ahead is 
about the limit for forecasts in the British Islc.s. This alone is 
sufficient reason for presenting, in this book, a scheme of weather 
prediction, which resembles the process by which the ‘ Nautical 
Almanac ’ is produced, in so far as it is founded upon the differen- 
tial equations, and not upon the partial recurrence of phenomena 
in their ensemble,'^ 

The equations are differential equations of a very complicated 
character. The three fundamental dynamical equations each 
contain nine terms, some of them in themselves composite. No 
solution in general terms which ^^ould give the elements them- 
selves in terms of the time is possible. The problem, which 
Mr. Richardson has set himself, is to solve them by the process of 


^ AVIien reading the proof-sheets of this rh*i])ter Mr. Bilhuni demurred to 
^Ir. Richardson’s description of the method of forecasting by reference to past 
history as suggesting a merely mechanical process. The question is in reality 
one of the iiicetie's of language. I quote a parnllel from an entirely difEcrent 
subject. 

“Roes History repeat itself? The preci.siim denies tho possibility. ‘That 
is the one thing,' as Lord Bryce once said, • tliat history never docs.’ But in 
making that observation Lf)rd Bryce Inul political history uppermost in hia 
mind and tho dogmatic denial might have been modiKed in relatiou to social 
and economic history. Tho operation of economic laws is constant : eei^tain 
causes produce certain results. Tho resulting phenomena are of course modi- 
fied by ciicuinstancps, but there is aufheieiit constancy to justify prediction ” 
(“Fortnightly J^ievicw,” March, 1923, p. 603. J. A. E. Marriott on “Poverty, 
Pauperism and Public Assistance.”) 
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finite differences, that is to say, hv liaving a sufficient number of 
* the changes ot the elements from place to place on a map, he can 
get an approximate estimate of the next step in the process of 
time. His plan is to divide the whole area (ultimately of the globe) 
as a chequer board of red and white squares each *200 kilometres 
from south to north and something like the same from east to 
west. Pressure is to be observed at the centre of each red chequer 
and velocity at each white, for each of five layers which make up 
the atmosphere above the cliecjuers ; and from the data, with a 
large amount of kiion ledge of the radiation, the transference of 
water, heat and momentum from the ground and other external 
effects, the material can be a])plied to the computation. The 
present distribution of stations is not ideal for the supply of the 
material ; it has grown up on other grounds. But Mr. Richardson 
has used it for tlie computation of the changes during six hours 
for two points in 1910, May 20, 7 h. G.M.T, He claims that 
“ the results form a fairly correct deduction from the somewhat 
unnatural initial distribution.” 

It took luin the best part of six weeks (in a rest billet in France) 
to make the forms which occupy twenty- three quarto pages, and 
the computation of the changes at two points of the map. He 
estimates that if the time-^tep were three hours, thirty-two 
individuals would just be able to compute two points so as to 
keep pace with the weather. That amount of labour is not to 
b3 wondered at when it is known that a list of different quantities 
which enter into the equations runs to ninety-two ; the demand 
for symbols is so great that the Coptic alphabet is drawn in to 
supply some of them. 

The process as thus described in its present form is not likely 
to be adopted by official forecasters, and we cannot offer it to the 
reader as Richardson’s ‘‘ Ready Reckoner ” for forecasts. It has 
been playfully said that on this method it would take a year to 
forecast to-morrow’s weather from to-day. But the effort to 
bring the processes of weather under numerical computation is by 
no means wasted. In the course of mapping out the computation, 
as in no other way, the dynamics and physics of many of the 
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pmce^'^e^ oi ^^'eathe^ are made clear, and a vor\^ largo amount of 
itrf)rni{itioii about the atmosphere, ditlicult to acquire, is'* 
i-oni-aiiied in the book. 

The introduction of phvs>icil and meehanical computation into 
the stulv of the atm.o>i)here remtius an urgent requireiiiLMit, and 
Ijcrbap^ the best coiir'*^ N to devise some form of grouping of the 
iacN into sy-teius which will eeon»unisc the labour of coiuputation* 

It visitors from Mars, unfamiliar with engines aiuL at the same 
rime, familiar with Cartesian co-ordinates, liappened upon the 
engine room of some big ship, they might endeavour to unravel 
the mv'^terv of that great develoj)ment of power by dividing the 
-pace occupied bv the machinery into points arranged according 
to co-ordinate axes. If they did so it would take a vast amount 
of computation to arrive at an idea of the constituent parts of the 
macliinery which would certainh* be disclosed to them in time if 
they examined enough points. Tn the end they might, of course, 
know more about it than the hasty visitor who recognised a 
turbine or a cylinder or a shaft : but as working knowledge what 
rhe\ knew would be less useful. 

Tt is possible to carry the process of minute analysis too far. 
There is a story of a conversation between I\Iaxwell and Tyndall 
which may or may not be in print. Talking of the ultimate 
molecular constitution of matter Tyndall pointed out to Maxwell 
how curious it was that the pulling force depended on the mutual 
attraction of separate molecules, and said that the traces by which 
a horse drew a cart were not really continuous, but were held 
together by attraction at a distance, Yes,** said Maxwell, 
“but when you arc in the cart it is very comforting to know that 
the traces are tliere.’* Tn like manner, the grouping of the 
phenomena of the atmos])heTe into entities, which are suf&ciently 
persistent to be dealt with as working units in selected situations 
and which can be recognised in maps, remains as a possible 
alternative to a generalised system which is equally applicable 
to every meteorological situation and at all times. The appli- 
cation of jMt. Richardson’s mctliod to such selected types should 
prove very illuminating. 

F.W. 


N N 



CHAPTER XXV 

THE PRACTICAL UTILITY OF WEATHER FORECASTS 

In dealing this part of the subject I wish to apeak 
of forecasts as now issued, either directly by telegraph or by 
publication in the newspapers. 

The suniniarieb of the forecast cheeking, as given by the 
]\Ietooi’ological Ofhce in the annual reports presented to 
PaLlidiuent, showed that according to the accepted method of 
checking, 56 per cent, of the forecasts are completely 
successful, and an additional 31 per cent, are more nearly 
right than wrong, so that 87 per cent, give a fairly accurate 
indication of the weather for the period to which the forecasts 
refer. 

Before going further it may be of interest to explain a little 
more in detail what this method of checking is. The 
forecaster is supposed to provide in his forecast an indication 
of six separate aspects of the weather to be expected in the 
district for which the forecast is drawn : — (1) the direction of 
the wind ; (2) its force ; (3) the state of the sky as regards 
cloud ; (4) the precipitation of rain, snow or hail ; (5) the 
temperature ; and (6) such occurrences as thunderstorms, fog 
or night frost. 

It must be remembered that for telegraphic purposes the 
description of the weather has to be confined as nearly as may 
be to twelve woi’ds. This in itself is a limitation which has 
obvious advantages. On the other hand it is no easy task to 
describe the weather of the past twenty-four hours in twelve 
or fifteen words. To do so requires a good deal of convention. 
Convention is equally necessary in writing a forecast: for 
example, “ strong to moderate/* referring to the wind force, 
or “ fair to fine,** referring to the weather, must be under- 
stood to describe the transition from the one state to the 
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other in the order nuined during the period of the forecast. 
Some acquaintance with the telegraphic language used for^ 
forecasts is therefore a necessary preliminary for com- 
prehending the situations which they are intended to 
describe. 

With this understanding the forocast-cheeker compares the 
statement of the weather gh en in each of the district forecasts 
with the w^eather recorded at the telegraphic stations which 
report \>ind, ^veather, temperature, etc., and at Llio climato- 
logical stations of the Weekly Weather Report which give 
temperature, sunshine, rainfall, and some notes of the 
weather. If all the statements in the forecast are verified, it 
gets an ‘‘A,” if more than half a B,*' less than half a “ C/* 
all wrong or not more than one right a “D ; the A’s and 
B's are the complete and partial successes, the C*8 and D's 
partial and total failures. 

This mode of procedure disposes to a certain extent of a 
criticism that is sometimes made to the effect that any forecast 
taken at random has equal chances of being justified by 
subsequent weather, and that only the successes over 50 per 
cent, are properly to be attributed to correct anticipation. 
This is only true in so far as all the phenomena can be 
regarded aa hanging together, and the wliole set of items 
resolvable into two classes as ‘‘fine’* or “wet.** There is a 
certain amount of association between the different items, but 
it is not nearly so complete as the inexperienced may think. 
To write fine weather as a necessary accompaniment of an 
easterly wind in this country, for example, would lead a fore- 
caster to some modest successes, but also to soma harrowing 
failures. 

In countries where the seasonal climate is settled, and 
seventy-five days out of a hundred in the summer are fine, 
the forecaster may still be judged by his successes and failures 
as regards winds and temperatures, wdule the forecast as 
regards rain may be taken for granted. 

But cleai’ly by using only what the forecaster has announced 

N X 2 
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as the basis of checking, some advantage is given. By 
'^judicious omission or by vague wording a forecast may be 
given which “ keeps the word of promise to the ear, but 
l)reaks it to the hope.” A disappointed reader may acknow- 
ledge that the forecast is true, but complain that it is not the 
whole truth, and that the part omitted was the most telling 
part. Instances could be quoted in ^^hich the forecasts have 
been verbally verified, when the general inference upon which 
the forecasts were based was clearly wrong. But there are 
retributions even here ; the principle of the general inference 
is sometimes quite correct, and the caprices of the weather 
make the application something quite different from what 
might fairly have been expected. 

AVithin its limitations the checking of the forecasts is very 
rigidly carried out, and, generally speaking, if an inexperienced 
person Lakes up the duty of checking, the percentage of 
successes comes out higher than that given by the mechanical 
system to which experience inevitably leads. 

A more serviceable method of checking the forecast would 
be to prepare for each district a brief statement of the weather 
for the forecast period, and then mark the items which the 
loreca&fcer had correctly anticipated. One could then give to 
the events the proportion ^Gaich they present to those who 
experience the weather. For example, a sudden thaw replacing 
a period of frost would not be covered by the general term 
“ warmer,” and twenty-four hours of continuous heavy 
rainfall would not be regarded as adequately indicated by 
“ some rain. * The difficulty in the way of introducing this 
method of forecast-checking is the labour of preparing an 
adequate summary of the weather for the several districts 
from the observations at fixed hours, with the knowledge that 
the description requires skill and judgment and, when it has 
been prepared and the forecasts once checked, it has no farther 
utility. It is not, as a matter of fact, called for to meet the 
current requirements of any of the official reports. 

Let us take then the statement of the success or failure of 
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fc}ie forecasts at the figure given in the official summaries, and 
consider their utility on that basis. Unfortunately we cannot*^ 
suppose that the impression produced upon the casual 
recipient of the forecasts is expressed by the percentage of 
successes. It would be so if everybody received the forecasts 
every day and used them accordingly, but that is generally 
not the case. The forecasts published in the morning papers 
are put before the reader say between 8 a.m. and 9 a.m., later, 
perhaps, in some country districts, and by that time eight or 
nine hours, and those the best from the forecaster’s point of 
view, have already elapsed. Consequently the forecasts have 
already lost a good deal of their vitality, and the interest of 
the reader is likely to degenerate into curiosity as to whether 
the forecast has been fulfilled or not. It is, in fact, not unusual 
to find that a reader of the paper supposes a forecast to be a 
description of the weather which he is experiencing at the time 
he reads it. 

The forecasts in the ‘‘evening” papers are on a somewhat 
better footing from that point of view. They are issued now 
at 10 a.m., and refer to the period from noon to noon. They 
may be in the hands of the public by noon or 1 p.m. But the 
period which most persons are interested in as regards 
weather is the daylight period, and the period of the morning 
forecast includes the coming night, so that the period of 
interest is separated into two detached portions by au interval 
with which the ordinary observer has little concern. Things 
would be on a better footing in this respect if the morning 
forecasts could be issued for the period from the midnight 
following the issue to the next midnight, and the evening 
forecasts for the period 6 a.m. to 6 a.m. of the following days. 

This, however, is for the future. We may suppose that for 
the great majority the experience of the forecasts is that 
which is derived from an inspection, more or less regular, of 
the newspaper reports. The inspection will be cursory if the 
reader has no particular interest in the day’s weather, and 
interested upon the few occasions upon which anything of 
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importance turns on it. For many days in the year the 
leather, good or had, is taken h} many people as it comes, 
with only the amount ot gruml)liiig that the art of conversa- 
tion demands, and it is only on occasions of some exceptional 
importance that they indulge in the eighteen-penny luxury of 
a forecast by telegram. But it is upon the results of these, 
not upon the percentage of laige nuinhers, that the individual 
opinion of the utility of forecasts is likely to he based. In 
these circumstances it is not possible to make the best use of 
a system that can claim 60 ji^r cent, of complete successes 
or 90 per cent, of partial successes. 

Anyone receh iiig a telegraphic forecast for the first time 
hardly knovi's what to do^Aith it. He looks at the sky and 
ransacks his own experience ; if his habitual prognostics 
support the forecaal he will act upon it ; if they are in conflict 
with it he can hardl;^ (rust himself to the inferences drawn 
from 2 )i'emises unkno^^n to him Ia persons wdio do not live out 
of doors or olhe^\^ise share his experience. In the end he is 
almost sure to be guided by his own experience and then 
indulge in a judgment ex post facto upon his wisdom in 
having so determiiied. 

The fact is that the effective use of telegraiDhic forecasts 
require^ praclicc, and it also requires co-ordination A^ith the 
IDrognostics, general or local, \^ith ^^llich the user is familiar. 
Sujiposiiig that we could re-arrange the practice of forecasting 
so as to give in the evening the weather anticipated for the 
period 6 a.m. next morning to 6 a.m. on the following 
morning, and in the morning the w^eather from the approach- 
ing midnight to midnight next evening or even from 6 i^.m. 
to 6 p.in. ; and if the percentage of accuracy could be kept 
up to its present figure, there is no doubt that the recijiient 
who always acted upon the forecasts would find them on 
the average of effective utility, and the utility could be very 
greatly enhanced by the consideration day by day by some 
person of special knowledge on the spot of the relation 
of the forecasts to actuality, the reasons for success and 
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failiuT, and ihe preliniinan >.i;^ns of fclie coinmencenieiu and 
sequence of the changes anticipated. This develupineui 
requires a- local knowledge of the of forecasting bv 

means of weather charts which might form i)art of a rural 
education. A well-informed correspondent in possession of 
the general inferences could probably give a local forecast 
that would be better applicable to the particular district than 
the general of&cial forecast. One of the difficulties about 
realising such a project lies in the inherent tendency of all 
persons to adopt the role of specially gifted experts. TYeather 
forecasting ought not to be a matter of occult reasoning, of 
secrets and special genius, and it will never be satisfactorilv 
applied so Ions a*- there is an element of secrecy or even of 
ejcpprnse in any sense but the common sense of the posses- 
sion of properly trained intelligence. The premises must be 
common property and the inferences must be capable of being 
expressed in language comprehended by iDersons of ordinary 
education, and it is therefore of importance that the ordinary 
education should include suitable knowledge of the principles 
of meteorology to enable the ordinary and inexpert person to 
understand and put in practice the necessary inferences for 
himself. 

Until such a development is possible we cannot be said to 
have a Htjatem of foreeahting. and a judgment as to the utility 
ot our forecast practice gives no adequate information upon 
the progress of th#^ subject from the scientific point of view. 

After what I have said it is not surprising that the reports 
which we get about the application of forecasts deal more with 
their accunicy than with their utility. Correspondents vho 
receive the harvest forecast by telegram, and who are alvays 
invited to supply notes of the weather which enable us to 
check the accuracy, Ircqucntly report that the forecasts were 
remarkably accurate, ))ufc they seldom go so far as to say that 
they were acted upon with advantage. Occasionally I have 
learned tlnit persons acting upon the forecasts have saved 
themselves from difficulties vhich \^ere otherwise unforeseen. 
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In recent years the Office has endeavoured to meet the 
Special requirements of farmers by supplying notices of the 
IH'ospect of settled weather that might be iililiseJ for getting 
in hay or corn crops. Very enthusiastic acknowledgment of 
the utility of these forecasts has been expivs'-ed in terms of 
hundreds of pounds by an agricultural firm in Cornwall. 

In other directions the examination of the practical utility 
of forecasts has given less satisfactory results. In 1893, and 
ngain in 1804, the Board of AgricuUuie made a trial of the 
issue of forecasts by telegraph during the harvest season to 
post-offices in selected counties, of which there were six in 
1894. After the second year the experiment was discontinued. 
The reasons for its di^coiitiiiuauce are not stated in the 
Meteorological Couiieir& Report, but a memorandum by Dr. 
H. N. Dickson on the application of the forecasts to four 
centres in connection with the rnivei>ity Extension College at 
Reading is printed. In effect it expre&ses the view that even 
if the forecasts were accurate from the point of view of the 
meteorologist, the districts for which they were made included 
local variations of weather which made tliem inadequate for 
the practical requirements of the farmer. It may be gathered 
that tliat \ie\v was adopted Ijy the Board of Agriculture, and an 
inference which might fairly be drawn is that a sub-divi-ion 
of districts should be made and separate foreca^c^ issued for 
these sub-divisions. Such a faUggestion could nob be carried 
out in practice: tliat is to say, it is not practicable for a single 
individual to bear in mind and act upon tbe meteorological 
peculiarity of every parish in the cliree kingdoms. Yet it is 
undesirable tluit tin* matter should be left iii its present state. 
Dr. Dickson concluded his memorandum by suggesting that 
the working out of rules for the application of a general fore- 
cast to individual localities would be a legitimate undertaking 
for the agricultural department of a college, and that the 
value of the forecasts would be greatly increased if the farmers 
received sufficient instruction in meteorology to enable them 
to understand the general nature of the changes predicted. 
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Ll Ti'^pcct> tfie jpiO'>tu>i» It lucuu^ alintwt m tht' s.inie 

]jo-'iiion as? it u) III U‘<U'> huwoNei, theit* 

been a tJotfcS^\()l1■lu Luovomciit ui ilit vhit‘ctii)U ol iiitiiKliKuig the 
^(■ikIv oL Hie ueathei a^ a hum ok iiatiue-stuclv hn comitiv' 
•-(IiudK ami ot the Dailv 'NVeathei lve}K)it ui illustiatiou of 
tlio s!ib]i*ct, so tbar a welcome beuiimiui^ has alicadv been 

I lade 

It IS olteu -rated chat local e\poiience can do %\ich 
expense .iml ctiraiiiii all tlicu shuloiit4» of suioptic 

ehaUb are ablt to do. So far as I know, in -sopite of 
the Uxgeni nece'^sic} for some guidance in the matter, the local 
'leather prophet is not in practice moie honoured than the 
Centro! oi-,* nii^acion, and it seems hardly ciedible that an 
eifecbiv^" system coaid ha^e been allowed to fall into neglect 
for the mere \vanc ot writing down and distributing a state- 
nifeut or the probable course of event^. The attitude of the 
rarniLr or of irybod\ else, to any new departure of thi^ kind 
is imt likeh to be uninstly favourable in the first instance. 
It waa very appo^iteh desciibed recently in a nevvsiDaper which 
said that a farmer would never admit that the forecasts were 
of any ^ahie. but if his neighbour was recehing a daily fore- 
cast b;y telegram, as a matter of curiosity he always took care 
to find ouu what it said. 

Foi the dwellers in cities life so organised that the 
variations of weather seem to be of little importance, and a 
forecast tends to be a matter of curiosity verging on the 
important as the y»eek draws to its end. Tlie means of 
transport on land and sea have been so greatly improved 
and develoiied as to give the impression of being independent 
of the weather. This attitude, which is justifiable w’ith certain 
limitation*!, sometimes finds expression in various ways. A 
po&c-office official once told mo that a knowledge of to-morrow's 
weather would bo of no utility to the rural postal service, 
becau'se His Majesty’s mails bad to bo carried whatever the 
weather might )ip The dwellers in cities often forget the con- 
ditions under which the supply of the daily necessaries of life, 
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as milk, meat, or vegetables, is carried on, and the extent to 
Svhich the proper ordering of the siipidy is concingent upon 
the weather. Oiir feeling of independence of the weather is 
sometimes sadly shocked by the paralysing influence of a 
snowstorm or a fog, and w’e are forcibly reminded that it is 
not only the health-resort that is interested in to-morrow’’s 
weather. 

Tt is in connection w'ith agriculture and the supply of the 
necessaries of life that the work of forecn sting slioulJ find its 
application. For the excursionist and the holiday-maker the 
uncertainty of to-inorroAV is really part of the interest. So 
much is the holiday-maker disposed to look upon the brighter 
side of things that it is not at all improbable that, if w’e could 
describe to-morrow’s w^eather exactly, with all its dripping 
accuracy, some protests would be raised against the publication 
of the information as interfering with business. But with ihe 
agricultural w'orld it is different. They are not by nature so 
optimistic. It would be a matter of great interest to know 
the actual yield of farm produce each year estimated as a 
percentage of the maximum possible under the most favourable 
circumstances of w'oather, and by how much a promising result 
is spoiled by liad weather. The destruction of lambs by heavy 
snowstorms, of fruit and potatoes by la(e frosts, the shortage 
of hay or roots for ^Yant of w’ater, and ihe loss of crops by 
inclement harvest w’eaiher all put together would total up to 
a large percentage and a vast sum of money. To these must 
be added the loss or depreciation of live stock or perishable 
goods in consequence of rough w^eatlier, or delays in transit, 
or the overstocking of the market in bad keeping weather. 
With a lifelong experience of a heavy percentage of inevitable 
losses it is little wonder that the farmer should take a philo- 
sophic view of the situation. If he is to lose something like 
40 per cent, it seems hardly worth wdiile to trouble about a 
mai'gin of 1 or 2 per cent. But the difference might easily 
reach a figure that w^ould convert a loss on the year into a 
profit, and whatever is gained by improving our knowledge of 
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thp weather is so much to the good, even though it be not 
the whole, so that there is cei’fcainly a golden opportunity for> 
successful forecasts of weather. 

Since their introduction &i\ly years ago the use of synoptic 
charts has enabled us to make certain definite advances, and 
tlie success which has been achieved is sufficient to encourage 
us to pursue the researches further. It may be that in the 
end the caprices of weather will after all disappoint us and 
to-morrow’s weather will never be forecasted with sufficient 
accuracy lor all practical purposes. Even in that case the 
effort will not have been valueless. It is quite possible that 
the progress of research, guided primarily by the wish to 
improve the daily forecast, will lead to the recognition of, or 
find material for, the development of laws of a more general 
character that will enable us to anticipate the weather for the 
season or the month. It is only by close practical study that 
such an object can be achieved. 



CHAPTER XXM 
THE FUTURE OF FORECASTING 

Tije weather ot the year 1921 was remarkable for its extra- 
ordinary drought, abundant sunshine, astonishing clearness of the 
air. an inordinate prevalence of fog, some violent gales, and a 
sudden plunge from the heat of a summer abnormally prolonged 
till the end of October, to the cold of a premature winter with ice 
on the Seipentme eaily in November. Trees and shrubs were 
tempted into a new arrav of flowcrtj and leafage when they ought 
to have been subfcidmg into their winter's sleep. Strawberries 
w’cnt so fai as to vicld a second crop. Even the biids were 
]iuzzled. Not less so the people ot the south and east of England 
w’ho had some anxiety as to where they were to get w^ater, and 
w'ondered what these remarkable changes of season meant, and 
still more what they might p(utend. 

For there is an ineradicable tendency to regard these curious 
happemngs not so much as evidences ot the past, w^hich. indeed, 
they are, but as nature's method of divulging the future. Perhaps 
they might be that if our knowledge of the air and the earth w^ero 
as ample and sufficient for the purpose as our knowdedge of the 
motions of the heavenly bodies that are so much further awav from 
us. To the Babylonians those movements w’erc as poiplexing as 
the sequence of our w’eather is to us, but succeeding generations 
have expressed their motions in terms w’hich are applicable to the 
future as to the ])ast. 

Shall we ever know enough about these things to predict the 
course of coming w’^eather in anything like the w^ay in wffiich our 
astronomers predict eclipses, or the position of the planets in the 
sky ? Are we making anv real progress towards that desirable 
state of knowledge ? 

There has been no such keen interest in the general questions of 
the weather and its future as there was in 1921 , since the middle 
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of last ceatury wh<"n the introduction of tlic electric telcuraph 
first made it possible to get together morning by morning a map 
of the weather over the who^ of North- Western Europe. Those 
who have never seen a map grow out of its constituent figures 
have no idea of the fascination which it has. Those who studied 
the maps soon detected the existence of cyclones, regions of low 
barometer, wind and rain, far less \4oleiit, yet more or less similar 
in form and character to the tropical revolving storms and 
hurricanes which had already been a subject of much curiosity 
and study, and of anticyclones which are just the opposite, 
regions of high barometer, calms or light airs and fine weather. 
And the maps confirmed the idea that the cyclones, with their 
\dolent weather, and the anticyclones, from which tdolenoe was 
conspicuously absent, travelled across the map, and could be 
seen to be approaching regions in which their influence had not 
yet been felt. 

The invention of the Weather Map in the .sixties excited a fine 
enthusiasm for meteorology, the science which includes the study 
of weather maps with some other things, and it seemed to promise 
a speedy solution of the problems of predicting to-morrow's 
weather. The enthusiasm caught the newspapers as well as the 
meteorologists. It began with the Daih/ Xews. but later it was 
most cordially taken up by The Times and the Xeiv Yorlc Herald, 
So much so that arrangements were made and carried out for 
notifying the departure of cyclones from America to be anticipated 
four da 3 ’'s ahead in Britain or France. 

After sixty years of ex})erience the problem of to-morrow's 
weather is not completely soh'ed, and at times the enthusiasm of 
the sixties has fallen to a very low level among the scientific. The 
idea of forecasting the arrival of cyclones on our own coasts from 
their departure from the United States was based on partial 
knowledge and was dispelled by the study of a series of daily maps 
of the Atlantic for thirteen months (1882 — 1883), compiled in the 
Meteorological Oilice for the study of the life-history of the 
cyclones in their i)assage over the ocean. So far they have only 
shown that that life-history is complicated beyond, description. 
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Yet the practice ot forecasting by means of maps has been 
^adopted by all the official meteorological establishment*! of the 
world ; it still j*omains the accepted method ot foretelling the 
weather of to-morrow, and is likely to continue so. A good deal 
of progress has been made. Prolonged experience has made it 
clear that the behaviour oi cyclones and anticyclones and the 
variants of those conditions have habits, if not laws ; the accumu- 
lated knowledge of the relations of our cyclones and anticyclones 
to Iheir environment has enabled the Meteorological Office not 
only to forecast to-morrow \s weatlicr with substantial accuracy, 
but also to deal in general term'^ with a further outlook over the 
weather of the next few days, and on ono occasion recently to 
intimate successfully the persi'-tcnce of fine weather for ten days 
on end. 

But we cannot exjiect that looking at majjs alone will evei* give 
us a complete solution oJ the problem, without effective compre- 
hension of the complicated processes that are implied in the 
word “ weather.” Imagine a person with no previous knowledge 
of chess just watcliing a chessboard where a game is being played. 
There are a large number of jiiocos, some red, some A^hite — call 
them waim air and cold air, if you will — which are on the move. 
By observation alone let him try to make out the future course 
of the game and predict it^ conclusion. By careful attention he 
would make out something about the moves of the pieces and 
from time to time would notice that some of them vanish, and 
their places are taken by opponents, or that they jnove out of the 
way when an attack is impending. No amount of w-atching 
would enable him to predict the course of the game unless he 
could get at the minds of the op])osing jilayers, who make the 
moves. 

Scarcely otherwise is the watching of cyclones and anticyclones 
and their attendant air cuiTents on maps. Their moves, like 
those of the chessmen, can be reduced to some sort of rule, if not 
of law. Sometimes they disappear and sometimes seem deli- 
berately to avoid that fate. But the course of the game between 
the opposing warm air and cold air can only be anticipated when 
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the minds of the players a< weU the motions of the pieces can be 
read. In the air-g\ine for the players we have the environniontJ 
of the ^^hieh we see on tlie jnap. and tlie environment 

extends tJirougliout the whole atmospiiere : the mind of the 
environment is formed by the laws of dynamics and physics 
acting bhroiigh the supply and lo'^s of heat. 

There arc two ways of bringing ijito ]}lay our knowledge of the 
physical laws of the environment. One is to note the conditions of 
the weather in much more elaborate detail than the usual maps, 
in order that we may trace the physical consequences of what is 
happening. This plan has been followed in Norway with remark- 
able success in predicting the occurrence and duration of rain for 
haymakers, and winds for fishcrfolk. In England a learned book 
on somewhat similar lines has been published by the Cambridge 
University Press. In Sweden in^^piration has been sought in the 
changes in the barometer readings in a period of six hours. In 
Germany, also, the same method has been used, and in France it is 
reinforced by a minute study of the clouds. The other plan is to 
bring out knowledge of the physical processes of the atmosphere to 
boar in the form of new principles or laws suitable for the special 
circumstances of the atmosphere. That also is being tried ; it is 
interesting enough for schools and colleges ; but is not yet at the 
ser\T.ce oE haymakers or fisher folk. The Hf e-history of our 
weather is extraordinarily involved, but until we know it we are 
confined to watching the pieces on the chess-board and we are not 
satisfied. 

It is a wide and tantalising study. The same kind of general 
conditions wliich made our hot summer (while the East was 
warm), ])rolongcd until the Ea.st was cold, gave us a bitter 
November. 

But, after all, this following of the weather-game from day to 
day is only part of the matter ; what about the weather for weeks 
alictid or the general clia racier of tlie seasons ? Are we stiU to be 
content with \\hafc the hips and haws have to say, or with the 
“ goose before Christinas ’’ and the duck after ” as the beat 
that science can tell us about the course of the weather ? 
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Some tilings have been done, and more claimed. Some people 
tthink the general character of the weather is regularly periodic 
according to some period in the behaviour of tlu* heavenly bodies 
or of sunspots, or of more mundane events. Tliere are people 
who make a curve of the weather in advance, flow they do it is 
not always disclosed, still less understood, and for some reason or 
other methods that find acceptance rc(iiiire to be “ patent ” to 
the intelligence and not merely to the inventor. The writer once 
neglected an opportunity of buying the co])yright of a method 
of forecasting the weather like an almanac. Somehow, ‘‘ copy- 
right ” seemed not a]>])ropriate to this kind of literature. When 
the secret of future w’eather is at long last obtained it is as safe 
as any forecasting to predict that copyright wdll be the last thing 
that the author will worry about. The more likely difficulty will 
be to find a publisher to take it as a gift. The only case of regular 
practice of anticipating the seasons that we are familiar with is 
the forecasting of the Indian monsoon by the Meteorological 
Office at Simla on the basis of correlation bet\vecn the rainfall of 
the monsoon and the previous meteorological conditions of various 
parts of tile ■world, including buch distant regions as South America. 

The uncomfortable featuie of such applications of statistical 
methods is that, from the nature of the case, they are conclusions 
Irom observations extending over many years, and at least as 
many years are wanted for the effective confirmation of the 
results, while individual vears may show some serious misfits. It 
is small consolation to be starved as an occasional exception to 
a rule which ])romised plenty. 

Meteorologists are gradually feeling their way to some generali- 
sations. The Weather Bureau of the United States was accus- 
tomed for years before the war to use a daily map of the Northern 
Hemisphere as a guide to the general course of events. In 
Australia it is from the warm north as a rule that rainfall comes ; 
in Europe it is noiv regarded by a new school of meteorologists at 
Bergen as part of the play between the warm air of the south and 
the cold air of the north. But, whatever the details may be they 
are certainly all part of that general circulation of the atmosphere 
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which has been going on from the time the atmosphere began, and 
will continue till the finish. 

Wlme is ihat circulation ? Do wc know it ? Can we describe 
it i Well, no, we do not know it, and we cannot describe it. We 
know now that it is not the surface alone that counts. The 
pieces that are removed from the meteorological chess-board of 
the surface do not cease to operate when they are taken.’* 
With the observations of the upper air which have been made 
(luring the last twenty-five years, and with the results of polar 
exploration, we are much nearer to a description of the circulation 
of the atmosphere than our predecessors were twenty-five 3"ears 
ago. And what is obvious is that we must not only have the pile 
oi observations that tell us what is what at any particular moment, 
but we must also find the skill to compile and co-ordinate the facts 
in some general description which gives the efiective results and 
disregards the unimportant details. To do that we must not 
only have details, but enough of them to find out which are 
important and which not. Points ” are, for example, small 
details in a railway track ; but they have peculiar importance 
which larger features, such as curves, or inclines, or bridges, or 
level-crossings do not possess. 

As time goes on we get nearer to the knowledge which we 
desire, and gradually we shall come to the knowledge of what the 
circulation really is and with what laws our own local conditions 
fit into it. The secrets of the sequence of weather will be dis- 
closed, and when that happens the copyright will belong 
partly to the folk who invented the instiuincnts, beginning with 
Torricelli, the pupil of Galileo, who invented the barometer, 
partly to the enthusiasts who developed the use of weather-maps, 
and partly to the patient contributors who looked ahead of the 
situation of their day towards the underlying laws that direct 
the moves of the pieces in the air-game. 
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Douglas, Ciipt. C. K. M.. 
clouds, 46 (Pig. 7ff), 435 
thunderstorms, 397, 406 
Douglas, H. E., 537 
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Dove, II. \V., ir)6 
Droiighl oi 1921.. 110, 170, 375, 
556 ^ 

Durancl-GreviJle. 348 et 
Diii^t, 229, 434 

Dynamical cooling, 211, 233. 216 
ft seq. 

K. 

K Vhinuhv eiUTeut, 122-124 
(Fig.-. 48, 49) 
galcb in, 469 

Kafelerly type ot weatlicr, 165 
Eddy-diii‘ufc*ion, 236 
Eddy-motion, 

diurnal variation oi, 254 
eftect of, 

on temperature, 385 (Figs. 

158, 159), 451 
on vis.bililv, 426 
on \^ind, 92 rt seq., 426 
examples oi, 94, 382 
loinintion ol 

cloud by, 46, 94, 235 el seq., 
391, 427 

fog by, 46. 94, 236, 379 ei 
seq., 427, 4o0 
rain bj’, 371 
statistical sludy ol, 384 
ubiquity of, 94 
A'crtical extent of, 387 
Ekliohn, N., isallobars, xiii, 
xxiii, 520 

Eleclricity, lormation of, in 
thunderstorms, 396 
EUan Vann in, P.S., u reek ol, 98, 
99 (Fig. 33) 

Rmbroideiy ot the barogiam, 327 
ct seq., 349, 354 
Energy of vortices, 319 
Entropy, 213, 228 
Eskdalemuir, difference of tem- 
perature bct\^een hill-top and 
valley, 482 
Espy, J. P., 130 

Eiivydice squall. 328 (Fig. 130, 
Froniis'piece) 

Eviction of air, 316, 320-322 


Kxjdosioii'^, relation of, to meieo- 
rologieal conditions, 488 ci seq^ 

F. 

PAIRGRIEVK, J.. 

effeei of exposure on wind, 5U 
thunderstorms. 397 
Falmouth, r«'lation of .surface 
and geo.strophic wind, 88 (Fig. 
29) 

Feirel, W., 82 
Fineman's ncphoscope, 50 
FiizEoy. Admiral, 
adoption of term forecast,’* 
60 

Royal Charter storm, 9, 61, 99 
storm -warnings, 460 
Fog, 

barojiietric conditions favour- 
able iov, 117. 448 (FigN. 172. 
173) 

definition. 41. 45, 47 (Fig. 7h) 
distribution ot, over the Atlan- 
tic, 379 

diurnal variation of tempera- 
ture in, 129 

examples of, 387 (Fig. 160), 
448 

forecasting, 391, Chap. XVII., 
447 et seq. 
formation of, 

by eddy- motion. 46, 94, 236, 
379 el seq., 427, 450 
by mixing, 234, 427 
conditions for, 

over large areas, 387 (Fig. 

160), 449 

in London, 435, 448 
in valleys, 234, 449 
frequency of. in British Isles, 
380, 381 (Fig. 157) 
humidity of upper air in, 386 
(Fig. 159) 

land, 378, Chap. XVIL, 447- 
455 

relation of. to wind direction, 
381 (Fig. 157) 
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Fog — coviiii tied. 
sea, 235, Chaps. XIII. and 

* XIV., 378-406, 436 

seasonal variation of, 378, 440 
temperature in the upper air 
in, 235, 386 (Fig. 159), 431 
(Fig. 170), 435, 451 
vertical extent ot, 387 
water content of, 389 
wind velocity associated with, 
453 

Fog rain, 156 

Forecast Districts, 26, 149 (Figs. 
58, 59) 

Forecasting. See also Fog , 
Frost, etc. 

Abercroinby’b statement of 
principles of, 131 et seq. 

‘‘ Fui'ther Outlook,” Chap. VI., 
158 et seq.f 173 

future of. Chap. XXVI., 556 
et seq. 

general methods of procedure, 
71, 142, 147 
history of, 60 ei seq. 
in United States, xxiii 
long period and seasonal, Chap. 

XXIII., 527 et seq., 560 
methods of, xxiii, 559 
by numerical process. Chap. 

XXIV., 542 et seq. 
by synoptic charts, 1 et seq.. 
Chap. III., 47 et seq., 142 
van Bebber’s, 172 
Durand-CTrevillc’s, 349 
Gruilbert’s, 497, 501 ei seq. 
on board ship, 477 
practice of, 147 ef seq. 
progress of, during the war, 
xxii et seq. 

use of upper air observations 
in, 396 

Forecasts, 
accuracy of, 546 
checking of, 546 
conditions of issue by M.O., 11, 
149 

extension of period of, 172, 182 


Forecasts — conti n u ed. 
for aeronauts, 415, 420 
for aoiiculturists, 172,^ Chap. 

XTX., 478 ef seq.', 552 
for collieries, Chap. XX., 488 
ei seq. 

for sea and air, Cilia j). XVI., 
424 et seq. 

fourteen-day, 152, 182 (Fig. 72) 
throe -day, 171 

utility of, Chap. XXV., 546 
et seq. 

Frankenfield, IT. 0., xxiii 
Franklin, T. Bedford, 487 
’•Frcc-Bun,” calculation of, 417 
Freezing point, viii 
Friction, effect on wind velocity, 
74, 89, 93, 318 
Frost, 

association of drought with, 
377 

causes of, in spring, 479 
conditions associated with, in 
1895. .162 (Figs. 62, 66, 67) 
effect of situation on, 480 et 
seq. 

forecasts of, 482-487 
in spring, 478 

incidence of, at ICew Observa- 
tory, 478 

proteciion of plants from, 485 
et seq. 

Fujiwhara, S., 319, 324 
“ Further Outlook,” 
extension of period of, 149, 182 
introduction of, in D.AV.It. 16, 
173 

types of weather and. Chap. 
VI., 158 et seq. 

G. 

Gales and Gale AVarnings, 
Chap. XVIIL, 456 et seq. 
Gales, 

dovclopinent of, in an easterly 
wind, 469 

frequency of, 457 et seq., 467, 
468, 473 
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Gales — coniinncfh 
“ half a gale,” 4o7 
” missed, ” 470 et sen, (FiK'<. 
17d-~17^) 

“ odds against ” in British 
Isles, 450 

table of, in 1900. .467 
velocity of, 456 

Gale ■warnings. See also Stoum 
Warnings. 

difficulties of, 466-467 
“ dwregaided,” 473 (Fig. J80) 
history, 460 
number of stations, 464 
percentage success of, 468 
(Fig. 177) 

Clalle, P. H., 537 
Gallo-vva-y, W., 488 
(lalton. Sir Francis, 
coiTclation coefficients, 534 
definition of anticyclone, 66, 
3o8 

(raster, F., 187 
Goddes, A. E. M., 275 
Geos trophic 
component, 86 
wind, 84-93 

wind -scale, 87 (Figs. 25-28) 
Crcwittcrnase, 349 
Gibraltar, cliff eddy, 382 
Gold. E., 

B.A. Report, 75 
classification of ■weather maps, 
xxiii, 122, 173, 520, 542 
light -winds ol anticyclone, 447 
< Tradiciit. barometric. See B \R()- 
WEtiiic Gradient. 

(ira client wind, 

calculation of ‘‘free nm ' 
from, 418 

computation oi, 82, 498 
height ot attaining, 415 
Ground, condition of, 39 
Guilbert, G., xiii, 476 
paths of depressions, 497 
lulcs for forecasting, 501 ct 
seq. 

Guldherg, C. M., 82 


Gusl , 

definition of velocity of, 456 
fre quency ol hurricane and 
storm forces, 458 

H. 

Hail, 237, 242 
llann, J. von, 74 
Ilarconrt, Sir W., 14 
Harding, C., 424, 445 
Harries, H., v 

eddy -wind at Gibraltar, 383 
relation of colliers" explosions 
to weather. 488 
Ilaiwood, AV. A., 75 
Heat, convection of, 210 
Holland Hansen, B., 446 
Uenri IV., -^reck of, 62 
Henry, A. J., xxiii 
Hepworth, Capt. Campbell, 18 
Ilermite, G., 408 
Hertz. H., 247 
Ilildebrandsson, H. II., 

Bases de la Metdorologi; 

inique, 9, 52 / 

centres of action *■ ' 
sphere, 532 
clouds, 40, 51, 52 
Hoar frost, 229, 480 
Iloffmeyer, Capt., 160 
Hooker, R. II., 487 
IIo\Vard, Luke, 40 
Humidity, 215 
code lor relative, 36 
distribution in tiie upper air, 
413 (Fig, 169) 
forecasting from, 396 
in sea fog, 386 (Fig. 159) 
in thunderstorms, 397 
effect of, 

on colliery explosions, 493 
on -visibility, 440 
in cyclones, 132 
relation of night frosts to, 483 
et seq. 

Humplireys, W. J., 541 
Huntington, Ellsworth, 537 
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Hurricaue, 134, 202 
I force, winds of, 450-458 


L 

lN(‘us’AT[t)N of "wiiKU definition, 
74 

Instability in the atmosphere, 
239, 327, 39.) 
causes of, 242, 347, 392 
definition, 241 

Instruments, self-recording, 143 
Intensity ot a cyclone, 131, 133, 
134, 139 
International 
Cloud Atlas, 40 
Cloud Year, 51, 52 
(^odc. fiee Codj-j. 
co-operation, 10, 02 
storm signals, 465 
Inversions of teinperatui'e. 
also Temperature. 
method of reporting, 31 
Ions, condensation on, 230 
Isallobars, 25, 520 et seq. 
Isentropic changes, 213. See also 
Adiabatic. 

Isobars. See also Pressure. 
accuracy of drawing of, 7, 75 
classification of 
forms of, 105 et seq., 173 
weather by type of, 95, 188 
et seq.. 2U2 
definition of, 4 

distortions of, 75, 110 (Fig. 40), 
295 (Fig. 120), 343, 347 
distiibution of, 
at the surface, 54 et seq. 

(Figs. 9-11) 
at 4,000 metres, 318 
fi-equency of types of, 182, 196 
interpretation of, on charts 
for extended regions, 126 
method of drawing, 5 
new type of, 122 (Figs. 48, 49) 
relation of wind to. iSfee 
Pressure distribution. 


Isobars — en n I i n h ed. 

.shaiie of, durin g passage o f 
line squall, 330 ei seq. 
straight. 104 (Pi'g. 37), 302 
(Fig. 123) 

variability of weather in, 
105, 289 et seq, (Fig. 116) 
visibility in, 445 
type of, during dro light o 1 
1921. .119 

Isochronous lines. 329 (Fig. 133), 
336 (Fig. 135) 

I.sograms, definition of, 7 
Isotherms, 15 

J. 

Jebba, S.S., wreck of, 99 (Fig. 32) 
Jevons, Prof., and W. S., 529 

K. 

Katabatic wind, 440 
Kew Observatory, 
relation of wind direction ajid 
cloud ainuuut. 254 
relation of wind velocity and 
gradient, 79 
Kilobar, xx 

Kinematograpliic representation 
of motion of aii“, 267 
Kite balloons, 418 
Kites, 411 el seq. 

Koppen, AV., 

distribution of barometric 
minima, 519 (Fig. 190) 
diurnal variation of wind, 130 

L. 

Lapse rate, definition, xxii, 31 
La Jjuuc Mange les Xuages, 245 
Latent heat, 226 
Lavoisier, A. L., 9 
Lee, A. W., 228 
Lee, E. A., 482 
Lempfert, R. (1. K., v, 259 
cloud and rainfall in cyclonic 
depression, 275 

“ Life History of Surface Air 
Currents,'' 262, 438 
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Ijcmpfort, E. U. K. — coulinued. 
line s,qp.allb, 301, 320, 328, 337, 
343j 344 
fjenard, P., 538 

Lenticular clouds, 4 1 , 44-47 

(Pigs. 8 f-)t) 

Levanter, 382 
Level, barometric, 131, 134 
LeVej’rie]’, U. J., 
iiiceriiational service of re- 
ports, 02 

Wealher Map, 1803. .0 (Pig. 2) 
Le 3 % Rev. ('lemeni, 
clouds, 40 

Eimjdice squall, 328 
inclination ol wind to isobars, 
74 

** Licl,*‘ 430 et seq, 

Liego, International Exhibition, 
349, 497 

Life History of Surface Air Cur- 
rents, Chap. IX., 255 et seq. 
Light, penetration of, into the 
sea, 446 

fjignes de grain. Chap. XI., 326, 
349 et seq. (Pig. 140) 

Line squalls, 241, Chap. XT., 
326 et seq. 

ascent and deseeiit of air in, 
333 et seq. 

explanation of, on docirine ot 
polar Ii'ont, 328 
general clniracleristics ol, 327 
motion ot air in, 338 
i-ecords ot self-recording iu- 
strujnents, 329 (Pig. 132). 
342 (Fig. 140) 
travel ot, 328, 337, 341 
Lines ot flow. 257 et seq. 
association ol rainfall with, 
310-312 (Fig. 127) 

Local Weather in Relation to 
Weather Types, Cliap. VI I., 
183 ei seq. 

Lookyor, Sir Norman, 531 
Lockyev, W. J. S., 
nineteen-year peilod ol rain- 
faU, 528 


Lockyer, W, .7. S. — continued. 
period ol oscillation of pres- 
8111*6, 531 

photograpli ot cumulus, 48 
(Fig. 7e) 

Loisel, J., cloud atlas, 41 
Loomis, K., 140 
Louis. Prof. 11., 491 
Louth, cloud burst, 404 (Pig. 
167) 

31 . 

MrAinE, A., 
li'Osts, 482 
unit of pressure, xx 
Mallock, A., 384 
‘‘Manual of Meteorology,” 71, 
oil 

Marvin, C, P., xxi 
Maxwell, James Clerk, 545 
Meinardufc., AV., 532 
Meteorograin, 144 
Meteorological data, 

co-ordination of, from tele- 
graphic and climatological 
stations, 185, 187 
“ Meteorological Glossary,” 
clouds, 46, 437 

Meteorological Office, transfer to 
Air Ministry, 419 
Meteorology, 

development of, during the 
AVer, xvii et seq. 

Metric units, vi et seq., xix el seq. 
Mill, H. R., red rain, 259 (Pig. 96) 
Mill wheel isobars, 123 
Millibar, xx 

Mines, forecasts of explosive 
conditions, (^hap. XX., 488 
et seq. 

Mist, 437 

Mixing. See also Eddv-MOTION. 
condensation produced by, 232 
eifect on diurnal variation of 
wind, 130 
Molm, H., 
clouds, 40 

motion on a rotating earth, 82 
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Monsoon, forecasts by correla- 
tion, 535 

^Montagu of Beaulieu, Lord, 421 
Mo?.suuinu. I?., 533, 537 

X. 

XrurLA, 41, 437 

Xe|)lioscoi)t*s. 50 

Xcwnljiinj, K. V., 

])er>istcnco ol’ wol aiul dry 
'vveathev, 390 
tlmndorstoriiith. 406 
Newspapers, >iipply of inlorjim- 
tion to, 489 
Nile flood, 

computation of, by correla - 
tion, 53-1, 537 

“■ X^ormal wind " ((Juilbert), 497 
Nortli-eastPily typo ol weather, 
160 

Northerly ciuTCut over a ^outli- 
■vresteriy, 106 

Northerly typo of wcfither, 165 
North Sea, visibility observa- 
tions, 445 
Nubos, 41 

Nuclei for condensation, 229. 23(> 

0 , 

Obscukity of the atmosphere, 
433 

Observations, extension ol, xvii 
ei seq.y 3 
Okada, T., 537 
Orographic 

ell’ects on weather, 183 
rain, 156. 309 

P. 

Pallio-kimbus, 41, 45 
Pavonia, S.S., 165 
Pearson, Kaii, 534 
Pendennis Castle, relation of sur- 
face and geostropliic wind, 88 
(Fig. 29j 


l*crio dicity in meteorolo gic al 
elements, Chap. XXI II., 
527 cf m/. * 

detm*minntioii ol, 1531,^39 
IVriodogranj, 531 
PrttersBoii, 0., 532 
Physical processes of weatliov, 
Chap. VIII., 206 et seq. 
Piddington, H., 66 
Pilot balloons, 

intorpi'etation of re.sulis of, 243 
measurement of 

height of clouds by, 50 
wind by, 41 1 

Plants, protection against frosts, 
485 

Polar front, 283 
definition, 156 

theory of, xxiii, 153-157, 311 
ef aeq. 

Pollock, C. F., 418 
Pollution, amount of, in the 
atmosphere, 434 
Potential temperature. See 
TnilPERATailE. 

l^rossure. See also Barometer. 

I. 30 BARS, UrCLOXBd, AXTI- 
CYCLOXES. 
changes of, 
during jjassage of 

cyclone, 143, 345 (Fig. 
141) 

.line squall, 331 (Fig. 132), 
349, 303 

d\iriug thunderstorms, 393 
etseq. (Figs. 162, 164, 165) 
lavoiirablc for explosions, 
491 

(jod(‘ for, 32 

correction ol barometer for 
latitude, 353 
coiTelation with 
rainfall, 532 (Fig. 195) 
temperature in the upx>er air, 
319, 536 

detection ol errors in map of, 7 
differences between land and 
sea, 75 
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Ram — conUn ued. 
distribution ol, 
in cYclones, 135-139 (Fif>. 
53), 154 et seq., 264 et seq. 
(Fij>s. 90, 100, IU4-106, 
JU8-111) 

in lino squall, 331 (Fig. 132) 
in paiallel i^obar^, 289 et seq. 
(Fig. 11(5) 

in \"-sba]) 0 (l clop^os■^ion, 2S8 
(Figs. U4, 115) 
otl’oct oi, oil visibilily, 434 
lorocasting, 156, 375 

iioin solar radiation. 530 
from upper air observations, 
396 (Fig. 99) 

M. Dnrand-Gjevillo, 353 
lonnation of, 

by dynamical cooling, 233 
accumulation, conv(*r 
goiice, Ol )UXlax)Os.lion 
of cuiTenls. 155, 241, 
245, 264, 278. 280, 284 
et ser/., 312, 320 
ascent up elevated laud, 
156, 300, 368 

ascent up siirlace of dis- 
continuity, 155 
by eddy-motion, 156 (log- 
rain), 371 

by instability. 155, 240 etseq.. 

309, 320 " 
by mixing, 232 
heiglit of origin of, 308 
local variations of, 141, 197 
Louth flood, 405 (Fig. 167) 
occurrence of, 

in anticyclones, 302 (Fig. 
124). 367, 368 (Figs. l.VJ, 
154) 

-witli fall of wind velocity, 
291 (Fig. 117) 
orographic, 156, 309 
periodicity of, 527-329, 531 
prediction of, from wheat 
price.s, 538 

probability of, after dry and 
wet weather, 396 


Rain — continued. 
red, 256 (Fig. 96) 
relation of, 

to lines of disoontinuity, 
311 

to linos of flow, 310 et seq. 
(Fig. 127) 

to pressure distribution, 1.53 
et seq., 191 et scq. 
to trade winds, 533 
to uind velocity, 291 (Fig. 
117) 

seasonal variation of, in the 
British Isles, 528 
types ol, ill Norway. 155 
unit for measurement ol, 2 
upper air, 306 (Fig. 126) 
variation ol, with wind diiee- 
tion, 197 
Rain days, 

loc.il variation. 106 el fteq. 
relation ol, to prohsure distribu- 
tion, 191 seq. 

Rain drops, ^izc and velocity of, 
237-238 ' 

Rain linos, 273 (Fig. 105), 281 
(Fig. 109), 280 ci seq. 
eaiiso ol, 301 
in line scpiall, 337 
travel ol, 295, 206 (Fig. 122), 
301 

Rawsoii, Col., 528 
Rayleigh, Jjord, 316 
Revolving Iluid, 316 et seq. 
Richardson, L. F., 542 et seq'. 
Riggenbach, A., clouds, 40 
Jiohilla, wreck of, 473 (Fig. 180) 
Roscoe, Sir Henry, vi 
Rotation of Ihc eartb, dyuamio.il 
effect of, 82 
Rotcli, A. L., 
clouds, 40 

observations with kites, 412 
Royal Charter stoiin, 9, 61, 99 
Itnhan de grain, 349, 353 
Ru.ssell, II. C., 528 
Rykatcliof, Grcnoral, 513 (Fig. 
'l84) 
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S. 

Saturattox pressure, 2\1 et seq. 
(Fig. ^4) * 

Scliore.schew'sky, Pli., isallobars, 
525 

Schmidt, W.. 340 
SchnstPi\ Sir A., 53 J, 541 
Scotia, S.S., report of, 235, 370, 
385 

Scott, R. II., 

artificial production of anow, 
239 

relation of colliciy explosions 
to weather, 488 

Scottish Meteorological Society, 
183, 184 
Scud, 45, 427 
Sea, 

eJfect of, on weather, 141 
oscillations during thunder- 
storm, 400 (Fig. 165) 
poiiotration of light into, 446 
steaming of, 391, 437 
Sea-disturbiuicc, code for, 13, 24, 
38 

Seasonal forecasting. Chap. 

XX 111., 527 et seq. 

Seasons jiieteoroJogical, 202 
Secondaries, 
definition, 106 

examples, 107-114 (Figs. 38- 
44) 

lonnatioii of, on doctrine of 
polar front, 313 
importance of, in forecasting 
gales, 469 
visibility in, 445 
Ships, 

construction of weather maps 
on, xxiv, 477 

rcpoj’ts by radio -telcgi’aphy 
from, 4, 14, 27, 31 
Showers, instability, 155 
Silvester, X. L., 317 
Simoon, 94 
Simi>son, ti. 0., 

Beaufort numbers, 18 


Siinp.son, CJ-. C. — coniimied. 
electricity in thunderstorms, 
397 * 

Sky, 

])luencsB of, 209 
clearing of, at sunset, 253 
Smith, L. A. Brooke, xxiv, 477 
Smoke, 

as a protection against frost, 
486 

ob.seui'ity of atmosphere by, 
434 

“ Smudging,” 486 
Snow, 239 

Snowstorms, notable, 99-105 
(Figs. 34-36) 
path of, 516 (Fig. 186) 
fSolar radiation. See Radiation’. 
Solberg, II., polar front, xxiii, 
153, 310 
Southerly 

current, 161-165, 285 
tyi)c of weather, 161 (Pigs. 
61-63) 

South-westerly type of weather, 
166 

Squall line, 155, 313 
Statistical inelhods of forecast- 
ing, Chap. XXIII., 527 et seq. 
Steering line, 155, 313 
Stokes, G. Cr., 238 
Sturin-forcc, winds of, 456, 459 
Storms, notable, 9, 01-67 (Figs. 
13-15), 97 et seq. (Fig. 32), 
132, 165 

Storm signal service, 461 et seq. 
Storm-warnings, histoiy of, 460. 

See also Gale warnings. 
Straight isobars. See Isobars. 
Stratification of the atmosphere, 
242 

Stratosphere, 
definition, 409 
height, 59, 235, 452 
Stratus, 43, 47, 48 (Fig. 7g), 237, 
430-432 (Fig. 170), 435 
Striation, optical deterioration 
by, 436 

P P 


F.W. 
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ilHfrir, S.S., wi'Cfk of, 99 (Pig- 

-o . 

Siiniiner tune, xxiv 
Suiihliino, 191 et seq. 

duration ol, in 1905-1906.. 
203-205 

Sunspots, 529. 531, 537 
Sill *»(.*, 117 (l’'igs. 47 A, B) 

Swell, code lor, 38 
S.yke.s, Sir Frederick, 421 
Syinl)ols used in 

jncleorological messuages, 12, 
29 

synoptic charts, 2, 9, 10, 15, 
23, 70 

Synchronous charts, 2, 8-10 

(Fig. 1) 

Synoptic charts, 
definition, 1 
devcloi)iiiciil ol, 61 
forecasting by, 1 ei seq.. Chap. 
III., 47 el seq., 142 


T. 

Tafpara, L., clouds, 41. 49 
(Fig. 8/0 

Tay Bridge, deslrueliou of, 99, 
132-133 (Fig. 52) 

Taylor, Ct. I., xxvi 

condeiibatioii, 232, 442 
eddy-motion, 384. 426 

confci'ol of surface winds bv, 
93 

I'orjiiation ol log by, 235. 
379. 384, 386, 450 
forecasting land fog, 452 
vertical distribution ol - 1 ) 01011 - 
tial temperature, 384 (Fig. 
159) 

Teisserenc de Bort, L., 

“ Bases de la Mctcorologie 
Dynainique,” 9, 52 
clouds, 40 

isobars at 4,000 metres, 318 
stratosphere, 409 

Telegraphic code. See Code. 


TcmporJlure, 

adiabatic change oi, 

in dry air, 211 ei seq., 229, 
432, 451 ‘ 

in .saturated air. 220, 233, 
247 el seq. (Fig. 93) 
cause of changes ol, 208 et seq. 
control of, over land and sf*:!, 
208 

correlation of, 

with other elements, 536, 
537 

with pressure. 319, 536 
diJference of, 

between ground and air, 
487 

between ground and screen, 
481 

between hill and valley, 482 
in a field of 'slraigln isobars, 
106, 162. 241, 289, 3U1 
in .similar di'-l ribu lions of 
pressure, 268 (Figs. 102- 
103) 

in V-.shaped de])ief..«>ion, 115 
discontinuity ol. 154. 313, 333, 
344 

distribution ol, 

during nighi liost^, 481 
in anticycloiir-s, 359, 371, 430 
(Fig. 170) 

in cyclone.s, 127 (Fig. 51), 
132, 154 c/ seq., 267 (Figs. 
102-103), 313 
diurnal variation ol, 129 
eilect of 

convection on, 211 
eddy motion on, 236, 385, 
451 

forecasting, 453, 183 

from solar radhuion, 210, 
530 

high, at coast station.s in 
Avinter, 197 

inversions ot, 235, 413, 429 et 
seq., 451 
lapse ol, 

deiinitiou, xxii, 31 
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Temi>oi a1 n ro — rov fum cd, 
lapRP of — ronliniicd. 
djy iKliabatio, 213, 226» 233, 
?20 rFitr. ]70) 

in convpctivo equilibrinin, 
429 

in Jou:, 235, 430 et Reg., 435. 
451 

obsoiv(*U, 214, 2*17, 409 

(Fiii. 108), 413, 430 (Fip;. 
170) 

satuTJilod adiabatic, 220, 226 
ef ficq.. 233, 431 (Fijr. 170) 
local vaiiation of, 107, 480 
ob^scrvation of, in Ihe upper 
air. 408 ei neq. 

periodicity of, at Greenwicli, 
538 

ranuo oi, 
in April, 480 

in ^pliu«, winter and sum- 
n\cr. 478 

record of, dnrino: line f^quall, 
328, 331 fFijr.‘l32) 
relation of 

jniniimini, to dew-point. 484 
paths ot depressions to, 496 
tliunderstcu'in?, to, 397 
to barometric pressure, 
Ohap. 95 ei seg., 126, 
191 €t scf/., 359 
scale ol, vii, xxi, 2 
uniformity of inaxiimim, 211 
variability of niiniinum, 211 
variation of, 

with lieiirht. Siee lapse of. 

neai the surface, 481, 482 
with source of supply of air, 
131, 161, 280, 301 
Tempera tiire, potential , 

change of, during ascent of air, 

227 

definition, 60 

diatribution ot, from pole to 
pole, 59 (Fig. 12), 409 
relation of, to realised entropy, 

228 

stratification measured by, 242 


Tempo] at lire, poienlial — foa- 
iiaued. 

vertical distribution of, 
in sea fog, 386 (Fig. 159) 
on theory of eddy-motion, 
384-385 (Fig. 158) 
Torcentesiinal scale of tempera- 
ture, xxi. 2 

Thennopsych, 214, 251 (Fig. 93) 
Thunderstorms, 

clas>ificiition of, 397 
conditions of formation of, 347 
ei seg., 392 et seg. 
diurnal variation of, 404 
eloetricity in, 396 
exnniplCN of, 343 (Fig. 140), 
348 (Fig. 145), 393 (Figs. 
161-162), 397. 400 (Figs. 
163-165, 167-168) 
forecasting, 350, 393, 396 
in^.t5^bility, 242, 347, 392. 395 
occurrenoe of, 
in col, 117 

in line squall, 332 (Fig. 133) 
pressure cliairges during, 393 
ci seg. 

pressure distribution asso- 
ciated with, 393 
seasonal variation of, 392, 404 
upper air conditions in, 397 
Avinter, 406 

Tide-gauge, oscillations of, 400 
(Pig. 165) 

Time of obserA’’ation, 3, 11, 422 
Titanic, S.8., wreck of, 235 
'• Tornado ” 

in Cambridge, 108 
in S. ‘Wales, 318, 402 (Fig. 166) 
Trade Avind, 

clouds in, 237. 427 
correlation of with other 
meteorological elements, 533, 
534, 537 

supply of air for, 58 
Trajectories of air, 255 (Figs. 95, 
96), 418 

Transvaal, method of plotting 
pressure, 6 


p p 2 
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Trees, analysis of growth of, 537 
Tropical revolving storms, 262, 
^ 317 
Tropopause, 
definition, 409 

height, 59 (Fig. 12), 235, 411, 
452 

Troposphere, definition, 409 
Trough ot cyclonic depression, 
125, 135, 145, 344 
Turbulence. See Eddy-Motiox. 
ell’cct on wind velocity, 92 
et seq. 

Turner, Prof. H. H., 540 
Tyndall, J., 212, 545 

U. 

Ultra-violet light, production 
ot condensation by, 231, 442 
United States, forecasting in, 
sxiii 

Units. See also Pressure. 
C.G-.S. system of, ix et seq , 
xix et seq., 2 

system of in D.W.R., 2, 10, 24 
Upper air. Chap. XV., 407-423. 
See also Humidity, etc. 
code for reports ot, 31 
conditions favourable for 
thunderstorms, 397 
correlation of pressure and 
temperature in, 319, 536 
effect ot changes on visibility, 
441 

forecasting from observations 
of, 396 

investigation of, xvii et seq., 
407 el seq., 418 ei seq. 
publication ot data oi, 26, 27, 
412 

rain in, 306 

V. 

V-SHAPED depressions, 

air motion , rainfall and 

weather in, 115, 288 (Pig. 
114) 


V- shaped depressions — con- 
tin ued. 

definition, 108 

Durand-Grdville’s* stiidy of, 
348 et seq. 

examples, 109 et seq. (Figs. 41- 
44), 158, 288 (Fig. 112) 
visibility in, 438, 439 (Fig. 171), 
445 

Valley trosts, 480 ' 

Victoria Xyanza, relation of level 
of, to suns])ots, 529 
Vincent, J., 40, 41 
Visibility, Chap. XVI.. 424 et seq. 
code tor, 25, 37 
lorecasting, 444 
method ol observing, xix, 3, 426 
observfi lions of, over the North 
Sea, 445, 446 
scale of, 3, 25, 37 
Volcanic eruptions, 435, 541 
Volume ot gases, change.s of, 222 
et seq. 

Vortices, 314^325, 343 

W. 

AValey-Cohex, R.. 202 
AA'alker, Gr. T., 535, 537 
AVater, freezing-point of, viii 
AA'ater -drops 

amount ot, in clouds, 389, 437 
effect of, on visibilitj', 434, 436 
nuclei for lormiition of, 229 
AVater vapour. See also C^ON- 
DEXSATION. 

absorption of radiation by, 209 
amount ot, 
in log, 389 

in the atmosphere, 215, 220, 
308, 389 

pressure and density of, in 
saturated aiujosphere, 217 
et seq., 389 

thermal properties ot, 223 et 
seq. (Fig. 86) 

vertical distribution of, in sea 
fog, 3^ ef seq. 
weight oi* 219, 220 
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Weatlier, 

Beaufort notation, 15. 36 
cliaiigcableness of, in spring, | 
478 ® 

changes of, in col, secondary, 
V -shaped dc pressiou and 
Tvedge, 106, 115, 117 
code lor, 13, 33, 36, 38 
distribution of, 
in anficyoloncs, 96, 172, 358 
et seg. 

in cyclones, 96, 132-136 

(Trig. 54), 139, 146. 154 
etseq., 271 (Pigs. 104-106) 
diunial variation, 141 
local, hi relation to neather 
types, Chap. VI I., 183 e/ spq. 
local variations of, 141, 153, 

183 et seq. 

“ moods,*’ 395 

persistence of wet and dry, 
396 

physical processes. Chap. VTIT., 
206 et seq, 

prediction of, by numerical 
process. Chap. XXIA’., 542 
et seq. 

prognostics, 136 
i*elation 

of visibility to, 436, 444, 
445 

to barometric pro.ssuro. 
Chap. V., 95 et seq. 
to minor fluctuations of 
pressure, 327 et seq. 
spells of fine, 172 (Fig. 70) 
travel of, 61, 62, 144 
types of, Chap. VI., loS etseq., 

184 et seq., 202 

variabilitj' of, in region of 
straight isobars, 105, 289 
ei seq. 

Weather maps, 

analysis of, into vortices, 317, 
324 

construction of, on ships, xxiv, 
477 

invention of, 557 


‘ ■ AV ca ther Predic t ion by 

Xumcrical Process.” Chup. 
XXI A"., 542 et seq. 

AA^dge -shaped isobars, 116, 117 
(Fig. 45). 445 

AA'esterly type of weather. 165 
AA'heat, periodicity of, 529, 540 
AAHieat prices, prediction of rain- 
fall from, 538 
AA^hipple, F. J. AV., 93 
Whii)ple, G. M., 79 
AA'ilson, C. T. R., 

condensation, 230, 231, 442 
electricity in thunderstorms, 
397 
AAlnd, 

backing of, 146, 158, 283, 495 
Beaufort scale of, 17 et seq., 33 
Bu 3 rs Ballot’s law, 71 et seq. 
code for, 13, 33 
comparison of surface and 
gcostrophic, 88, 498, 511 
“ convergent,” 501 
deviation of, 74, 497 
direction of most persistent, 
166 

distribution of, over the globe, 
53 (Figs. 9-11). 421 
diurnal variation, 130, 482 
“ divergent 501 
dynamical exjdaiiation of, 81 
effect of 

eddy-molioii on, 92 et seg., 
426 et seq. 

friction on, 74, 89, 93, 318 
forccasLing from variations of, 
497 

fornuil£B for, on a rotating 
earth, 83 

frequency of gales, storms and 
hurricane^a. 456 et seq. 
geo.strophic, 84-93 

wind scale, 87 (Figs. 25-28) 
gradient, 82, 415, 498 
gustiness of, 383 
inclination of, to isobars, 72, 
74, 133, 499 
in anticyclones, 84, 447 
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Wiud — con (inu ed. 
c iu cyclones. 132, 137, 14 j-14G, 
2S^ 

in line squall, 331 (Fig. 132), 
338 

katabatic, 449 

limit of, for formation of fog, 
453 

local vaiiatioii, 196 cf seg. 
measuiemcnt ot, IT et seq . 84, 
500 

in the upper air, 411, 418 
“normal,” 497 
oscillations of, 354 (Fig. 149) 
periodicity of, 530 
pressure of, 67 
relai ion of 

cloud amount to, 254 
to isallobars, 521 
to pre'ssure distribution , 

Chap. IV , 71 et seq., 133, 
191 et seq., 421, 495, 498 


Wind — CO n t in ued. 
relation of — confinued.^ 
vi'-ibility to, 440^ 44^, 445 
sudden changes oi, 280 et seq.. 
291 

travel of changes of, 294 (Fig. 
119) 

units for measurement of, 17, 
24 

variation of, 

^vith exposure of station, 74. 

88, 467, 498, 511 
with lieight, 75, 89 et seq., 
415 

vector changes ol, 356 
vP'^ring of, 146, 283 
velocity in D W.R., 24 
velocity ot, at 4,000 in., 318 
velocity in gales, storms, etc., 
456 

Wireless Telegraphy. 8ee Radio - 

TELEGKAFUX. 



INDEX OF THE WEATHER MAPS 

WHICH ARE EEPRODUCED IX THE ILLUSTRATIONS 


3851. September 24 (Fie:. 1). 

1863. Ditto uiiceilain 2). 

1875. Xovc]iibor 13 and Xovember 14 (Fif*. .iG a-b). 

1879. Decembei 28 (Fii». o2). 

1881. January 19 (Fig 34). 

1882. November 15 (Fig. 61); Novenibei 15 (Fig. 94); December 

28 (Fig 69). 

1883. Maich 22 (Fig. 68). 

1802. November J and 2 (Figs. 140 A-u). 

1893. Febriiaiy 20 and 21 (Figs. 183 a-b). 

1895. Januaiy 25 (Fig. 66); Febiuaiy 5 (Fig. 67); February 14 
(Fig. Q2\; Maich 8 (Fig 63) ; Alarcli 24 (Fig, 38). 

1897, Januaiy 8 (Fig 73) ; Januaiy 23 (Fig. 76). 

1898 July 7 (Fig. 75). 

1899. January 15 and 16 (Figs. 64, 65) ; January 19 (Fig. 74). 

1900. Januaiy 6-7 (Fig. 112) : June 22-23 (Figs. 121 b-c) ; July 27 

(Fig^ 161 A— 0 and Fig. 78). 

1901. November 5 and 25 (Figs. 172, 173); November 11-13 

(Fig. 97). 

1903. Februaiy 19-22 (Fig. 96) ; Fobiuaiy 24 (Fig. 116) ; Feb- 

ruaiy 26-27 (Figs. 14 A-r) ; Apiil 8 (Fig. 102) ; April 16 
(Fig 103); September 10-11 (Fig. 100). 

1904. Fcbruaiy 7 (Fig. 77) ; February 12 (Fig. 108). 

1905. August 31 and Sepieiubcr \ (Figs. 181 a-b) ; September 4 

and 5 (Figs. 182 v-b). 

1907. January 23 (Fig. 17) ; Fcbiuaiy 20 (Fig. 15) ; March 18 

(Fig. 32) ; March 24-29 (Fig. *155) ; July 3 (Fig. 122). 

1908. Februarv 21 (Fig. 178) ; Fcbruaiy 22 (Fig. 179) ; April 9 

(Fig. 21) ; Apiil 25 and 26 (Fig^^. 35 a-b) ; May 23 (Fig. 
153) ; Juno 23-July 3 (Fig. 70 a-b) ; June 27 (Fig. 164) ; 
November 7 (Fig. 89). 

1909. Apiil 9 (Fig. 16) ; June 1 (Fig. 88) ; July 20 and 21 (Pigs. 

47 A-B) ; Octobei 23 (Fig. 144) ; December 3 (Fig. 33) ; 
December 19-24 (Fig.s. 39-44) ; December 29 (Fig. 45). 

5S3 
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1910. .Tannavy 10 (Fift. til): .laniniy 28 (Fis- 31); February 26 

(Fio. 107); March 8 (Fia 12:)); Maich 10 (Fip. 110); 
March 18-Apnl 4 (Fias. l.-,2 r-r) ; April 1 (Fift. 3); 
Apiil l.i fFia 109) ; Apnl l(i (Fi;>. 12.3) ; May 124) : 

.Tune 6 (Fig. 126); .luue 24 (Fig. 115). 

1911. July 29-30 (Fig. 163). 

1913. October 27 (Fig. 166). 

1914. October 30 (Fig. 180). 

1916. March 28 (Fig 36). 

1917. July 27-A’igi at 6 (Pig. 128). 

1018. Jamiaiy 31 (Fig. 160) 

1920. May 29 (Fig. 167 a). 

1021 .Tune 24 (Fig. 71); September 28 (Fig. 72); October 1 
(Figs. 4-6) ; October 10-13 (Fig. 129) ; November 12 
(Fig. 49) ; November 18 (Fig. 48). 

1922. March 30 (Fig. 46). 
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